
P.Y. DE8CHAMP8. R. FROUIN 

f^Ltbormtok* ifOptiq-it Atmo*phtr$qu» • Uniy»nitt dt LiHt / 

J CASSANET, F. VERQER 

Luhqrtmim du Giognphiu • Ccolp Non SupOnpurt 

CREPON 

Lsbofttoirp tfOcttnognphip Phytiqup - MutOum (THittoirp NpturpUp 

J.M. MONGET, L WALD . 

C*m.# dp TilOdOtPctron pt d'Anply^p dpp MiUpwi Npturpip • Ecofp dpi Minpi 


JOIN 1982 


(B82-1CjC'> F”# ‘?'J"FJkCF 7FF PPt* ')'• th* 

COAFTIl ZCKT-F cr ?P»NCf Firal ^‘^vott 
Univ.) 19^ p H'' A09/'*'- >-1 CSCT, TPp 


l< B 2“ 32 7fao 


Uiicldi» 
3 . 


HEAT CAPACITY MAPPING MISSION - HCMill 
“ INVESTIGATION N® 15 . 

_ FINAL REPORT ^ 




SEA SURFACE TEMPERATURE 
OF THE COASTAL ZONES OF FRANCE 


HEAT CAPACITY IVIAPPING MISSION - HCMM 
INVESTIGATION N» 15 
FINAL REPORT 


Original photogx ''.phy may be purohasod 
from EROS Data Center 
Sioux Falls,, SD 67199 


P.Y. DESCHAMPS, R. FROUIN 

Laboratoire d'OptIque Atmosphirique ■ University de Lille I 

J. CASSANET, F. VERGER 

Laboratoire de Giographie - Ecole Normaie SupMeure 


received 

JUL 2 6/ 

SIS 1902 6 

Type- JU 

i- / / 


M. CREPON 

Laboratoire d'Oeianographie Physique • Mus6um d'Histoire Naturelle 


J.M. MONGET, L WALD 


Centre de T6i6d6tection at d'Analyse des Milieux Naturals - Ecoie des Mines 


JUIN 1982 


U) 

SUMMARy 




ORIGINAL PAGE IS 
OF POOR QUALITY 


1 - imovucrm 

I - TECHNIOUES 

2-1 - Technical oA^anczation tha investigation 

2-}-] - Vocunient6 

2-1-2 - Photog/iaphiz pAoducti 
2-1-3 - Vigitat pAoducti 
2-2 - photogAaphic. pAoduct ttahniques ■ 

2-3 - Vigitat pAoduct techniques 1 

2-3-1 - VigitaJi pAodact ^acitities 

2 - 3 - 1-1 - Vigttal pAoduct i^acitity at LOA 
2-3-1 -2 - Vigitat pAoduct iacititg at CTAMW 
2-3- /-3 - Vigitat pAoduct ^acitity at ENS 
2-3-2 - Vigitat pAodact inteApAetation \ 

2- 3-2-1 - Vigitat pAoduct inteApAetation at LOA 

2- 3- 2- 2 - Vigitat pAoduct inteApAetation at CTAMN I 

2-3-2-3 - Vigitat pAoduct inteApAetation at EWS | 

2- 4 - GAound tAutk techniques \ 

2-4-1 - Routine obseAvations 
2-4-2 - OceanogAaphic cAxxiSjes 

3 - ACCOMPLISHMEMTS 

3- 1 - HCMR catibAdtion 

3-2 - CompoAiion HCMR vs l/HRR and A^HRR data 

3- 3 - HCMR pAoductS 

4 - SIGNmCANT RESULTS 

4- 1 - Mesoscate voAiability oi the SST i^ietd 

4-2 - ViuAnat heating 

4-3 - Residuat itooi thAough the Vovqa StAoit 

4_4 _ Tidut ^Aonts in the coesteAn appAoaches o^ the BAitUh Channel 
4-5 - Upuuetting at the continental sheti bAeak in the Bay o^ Biscay 
4-6 - Coastal studies in the Bay Biscay 
4-7 - WesteAn MediteAAanean Sea test stte 

4-7-1 - Results obtained wtth VHRR/NOAA-5 

4 -- 7 -I - Results obtained lotth HCMM | 









ORIGINAL PAGE IS 
OF POOR QUALITY 


PUBLICATIONS 
5-1 - Rey«LeWA 

5-2 - PAoce.e.ding'i and Cont{eAence/> 

5- 3 - Th&6Z6 
PROBLEMS 

6- 1 - HCMM dot! Qtomo^ 

M 

6-1 - TejUodic. noi&z 

6- 3 Contfuut oi tkdJvml im.QZfuj 
IMAGE QUALITV AW VELIVERV 

7- 1 - Image. quatUy 

7-1 - TeJ^t AlteJi coveMge. 

7-3 - DeJivjeAJj 

■ recommenoations 

■ CONCLUSIONS 

ozndix A - PeAman&nt acOiw^eA the. ^nve^tigato/i^ 
o^ncUx B - GA.ound t/iwtk daXa. and HCMR !miaMifLejne.nt* 

o^ndU C - -Sea 4 u/tjjace the. coai.ta.t zone^ P/umce. obieAved 

by the. HCMM iateJttLte. 

pzndix V - SateALiXz deXe/unlnation the, meioiicolz \jafuabAJiit\j OjJ thz Sea 
6uA^acz tejmpeMjatuJLZ 

pendix E - LoAgz diuA.nat hzattng ^.'ic tea oU-’Avzd by thz HCMM 

zxpeMmznt 

pzndix F - SatellUz zvidzncz 0 |$ zold jWva hz-V'. titlandi atcng thz 

ioath ^Uttany ihoxz 

vzndix G - Mz 606 caZz zddCz6 de.tP.cteh. in th.z LanAmn Sej, by AatziUtz Inina- 
xzd Aadiomztexi - a. 6.tatx6tJc.i .t'l.Kcugk ttit tpjxti ^ 

wznjdix H - Uit ok thz Kzczlozd HCM^{ 



ORIGINAL PAGE IS 
OF POOR QUAUmr 


LIST OF ABREmriONS 


AVHRR - Advanced i/e/iy High Resolution Radiometer, on TIROS-H, i^JOaA- 6 
AateUUtes 

CCT - Computer. Compatible Tape 
CMS - Centre de Hitiorologle Spatiale 

CTAMN - Centre de TtlMlteetion et d* Analyse des IKilieiix. f^a.ttu-e.is 
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SST - Sea Sur^aee Temperature 
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The main objective of this investigation was> to map the 
thermal gradients in french coastal zones for the period of one 
year in order to enable a coherent study of certain oceanic fea- 
tures detectable by the variations in the see surface temperature 
field and their evolution in time. The phenomena examined were 
meso-scale thermal features in the English Channel, the Bay of 
Biscay, and the northwestern Mediterranean; thermal gradients gene- 
rated by french estuary systems; and diurnal heating in the sea 
surface layer. 

The investigation was conducted by the fol lowing resear- 
chers ; Dr. P . Y . DESCHAMPS (Principal Investigator); and Dr .M . CREPON, 
Mr . J .M.MONGET, and Professor F*VERGER (Co-Investiga t'ors) , 

Appendix A gives related organizations and addresses. 


2 - TECHNIQUES 


2.1 - TECHNICAL ORGANIZATION OF THE INVESTIGATI ON' 


2.1.1. Documents 

Every document received by the Principal Invest Laator 
from, NASA and concerned with the HCMM investigation was (impli- 
cated in order to provide the Co-Investigators with indii i dual 
copies. When necessary, feedback was requested from the Co-In>es- 
tigators . 


. r • / 
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2 . 1 . 2 . Phot otf raohJ c products 


Two ni»/5ativo ’crdnspari^ncies were on standing order by the 
Principal Iiivest.i Qa^.o^ . Afi. they were received, one transparency 
was archivMl af. > . 0 ,A (Laboratoire d'Optique Atniosph 4 rique, 

Universare de LILLE) and the other at ENS (Ecole Nationale Sup 6 - 
rieure) from which additional positive prints were made tor 
each of tne Co-Xnvesfci gators . 

M 

2.1.3. Digital produc ts 

Request orders for CCTs were collected from the Co-Inves- 
tigators and submitted by the Principal Investigator. When re- 
ceived, he both catalogued the CCTs and forwarded copies to 
the appropi’iate individuals. t 

I 

P 

2.2 - PHOTOGRAPHIC PRODUCT TECHNIQUES \ 

I 

The photographic products used within the investigation did ^ 
nob require any special developing techniques. I 


2.3 - DIGITAL PRODUCT TECHNIQUES 

2.3.1. D i g i. t ■? I p r o d u c t i acilities 

Mo^=t of the fic III ties used in the investigation are 
located at C , X' . .A .-M . (Centre de Teledetection et d'Analyse des 

Milieux i'iaturel .■?) . CcoJe des Mines, where the processing of 
remotely sensed datu has been extensively developped for a • 

variety of applications. The other investigators had the choice 
of using this main facility or their own smaller, in-house < 
facilities . 


2 . 3. 1 . 1 . Digital product f acility_at_LOA_ ( Laboratoire_d^Optique 
Atmospherique , University de_LILLE) 

This facility is divided into the CII model IRIS 80 
computex* of the University with specific terminals located at 
LOA, and a communication link between the two locations. Main 
processing is done on the IRIS 80 computer. 


3 .- 
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data may then be transferred and stored on 
floppy disks at LOA, each containing 6 small scenes of 256x256 
pixels. A small scene may be displayed on a PERICOLOR-system 
color graphic device (256x256 pixels). An HP 9825 A calculator 
permits minor processing of the stored data. Additional outputs 
of the processed data may be obtained on a graphic plotter and/or 
in the form of printer listings. 

2,3.1. 2. CTAMN_(Centre de Tel6- 

ddtection et d' Analyse des Milieux Naturels) 

The CTAMN was equiped with a self contained computer 
system for image processing based on two HP 21 MX minicomputers. 
An improv>,-?d computing facility, consisting of an array processor 
FPS (Floating Point System) has been implemented at CTAMN during 
the investigation. 

This system is linked to specific output devices such 

as : 

- a VERSATEC printer/plotter with special gray scale 
display software developped by CTAMN which allows 

C .arcograpliy of satellite data using any given scale 
and cartographic projection, 

- a BENSON ink-plotter with adequate software for 
mapping with various symbols and colors, as well as 
cartographic projection, 

- a TEKTRONIX digitizer with associated graphics display 
for landmark acquisition and input capability for 
rectification or registration. 

The main body of the CTAMN system is an interactive 
image processing system TRIM-CIT ALCATEL. This versatile equip- 
ment allows display and manipulation of images in a man-interac- 
tive loop. Image memory is 512 x 512 x 8 bits with an overlay 
graphical memory of 512 x 512 bits. A realtime processor allows 
color selection, pixel selection with cursor tracking, zooming, 
and lateral displacement of the image. 
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Sug4rieure) 

This facility is divided into : 

- an IBM 370 main computer at CIRCE, the computer 

centre of CNRS (Centre National de la Recherche Scientif ique) , 

with special output devices : . i, 

. a VERSATEC printer plotter and a BENSON f 

color printer plotter, ^ f 

. a MODCOMP CLASSIC minicomputer located 

at ENS which is linked to CIRCE, in 

* 

association with a TEKTRONIC 4013 graphic ; 
display. 

I 

k 

2.3«2. Digital product interpretation 

' t 

The three laboratories working on the present invest 
gation had already developped appropriate interpretation techni- ; 
ques for the NOAA and LANDSAT satellites. As they are used for j| 
collaborative programs, there are many common points between | 

the techniques they have implemented on each of their own digital | 
systems. | 

|i 

I 

2 . 3 . 2 , 1. Digital product interpretation at LOA 

Digital data may be processed more or less routinely I 

f 

with the following options : 

- radiometric calibration if necessary, | 

- resampling for uniform scaling if necessary, ,, |f 

6 

~ smoothing, f 

- stripes filtering. , I 

Localization and display of a typical scene (conbainijig 
1024 X 1024 pixels) is usually done in the following procedure ; 

- Display is attained by reducing the whole scene to 256x256 
pixels after sampling every n pixels and every n lines . or 
after averaging over an n x n pixel square, 

- selection of a small scene (256x256 pixels) and visualiza- 
tion at full ground resolution, 
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- localization with reference to map locations and aftditlon of 
coordinates on the color graphic display, 

- mapping of surface Isotherms or Isocontours on the pritver 
plotter after the necessary filtering. 

Computation and dl^^play of a selected scene is possible 
using the following methods : 

- histograms, 

- spatial spectrum of temperature variance density, 

- structure functions of temperature variations, 

- spatial cross-correlation function between two 

different acquisition of the same area. 

2. 3 <2. 2. CTAMJf 

Upon receiving the HCMM data on magnetic tapes, the 
processing was organized as follows : 

- "Quick look" of available data, at a scale of 1 : 2 000 000, 
using a black and white printer plotter 5 

- transformation of data into surface temperatut e by usivig tho 
calibration curve, 

- destriping of imagery 

- isotropic filtering, to reduce the noise level, This algorithm 
was constrained to local variance in order to leave untouched 
the strong gradients along the coastlines, 

- geometric corrections in order to rectify the imagery at a 
specified projection (ex.; LAMBERT), 

- display of sea-surface temperature as colored maps. 

2. 3. 2. 3. Digital product iuterpretation_at _ENS 

The following programs were used to produce' a conve- 
nient automatic cartography. 

The FRALISET program performs a fast and low cost 
print-out visualization of a part of a given scene. The HCMR 
digital counts were converted to alphanumeric characters. 
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After select ic>n tv the operator j, each printed character was 
associated io one or several pixels^ Ihe t/500 000 scale appea- 
red to bv"! suJtabin Cor the HCMM applications in the Bay of 
Biscay. lsot.roplc Cilteriii*? of the data could be applied once 
or severnl tinier, the additional legend was selected by the 
operators. Ouc-put was done on the BENSON plotter both in black 
and white and white 6 color prints. 

* 

2.4. GROUND TR l> im lECHNIQUES 

# 

Ground ti'Uth techniques were not assigned to 
this specific inveitstigation . The necessary oceanographic and 
meteorologlco ) data was obtained either from routine observations 
or from dedi.oated oceanographic cruises conducted by the follo- 
wing organi'/.ati ons . 

2 . 4 • 1 • Routine observations 

Periodical sea surface temperature measurements are per- I 

formed by the "Roseau National d ' Observation de la Qualite du I 

Milieu Marin", in the fx'cnch coastal and estuarine zones. As an 
exemple, tiix stations are sampleii every week in the Loire estuary. 
Some of these measurements were simultaneous with the HCMM data { 

(09/15/78 i 05 / 28 /Vt ; O6/I8/79). I 

I 

The "Etabia ss.^;«ent d> Etudes et de Recherches Meteorologi- If 

ij 

ques" at the "Centre Oc^anologique de Bretagne", Brest, performs | 

I'i 

a statistical t reatmenv. of the sea surface temperature field ^ | 

from the routine obsfci'vations of the merchant ships in the Bay >? 

i 

of Biscay, the Celtic Sea and the Western English Channel. As ^ ji 
result of this analysis, a thermal map (SST-GASC) is produced » 

three times a month v<itb a temperature accuracy of about 0,5®C. 

Lighthouseboats also routinely measure sea surface tempe- 
rature at several locations in the eastern British Channel and 
the southern North Sea. They report these measurements through 
the meteorn logical network, 

2.4.2, Oceanographic cruises 

In addition to these routine procedures, this investiga- 
tion had access to data from several oceanographic experiments 
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conclucted by various french organizations and complementary 
to the objectives nf the HCMM experiment i 

- LION 78 (June to September 1978), a summer experiment 
in the Gulf of Lions, Mediterranean Sea for the coastal 
upwellings . 

- PHYGAS 78 (8 November 1978 to 2 December 1978) in the 
Bay of Biscay, 

t - A drifting buoy experiment in the Bay of Biscay, 

starting February 1979, for the study of ocean dynamics, 

- PROLIFIC (5 to 24 March 1979) > an experiment in the 
Ligurian Sea, to support remotely sensed data of sea 
surface temperature and ocean color . 

- Several cruises in the British Channel to support 
remotely sensed data of sea surface temperature and 
ocean color ! 

, 19 to 29 June 1979 , in the “Golfe de Saint Malo” 

. 20 to 28 July 1979 , in the "Golfe de Saint Malo" 

. 4 to 14 September 1979, in the "Golf e de Saint Malo" 

. SATIR 1, 17 to 27 July 1979, in the Celtic Sea 

. SATIR 2, 3 to 22 September 1979, in the Celtic Sea. 

No airbone temperature measurements were performed for 
the HCMM experiment since specific request for this type of data 
appeared witViin the investigation. 

The major ommission in the ground truth data collection 
^ was due to the unavailability of’BOHRA II, a french buoy pre- 

viously anchored at a fixed station in the Mediterranean Sea, 
about 100 km south of Marseille. BOHRA II was removed prior to 
the AEM-A spacecraft launch for technical reasons. BORRA II was 
intended to support the investigation by continuously recording 
the vertical thermal structure of the upper water layers. The 
absence of this instrument seriously restricted the scope of the 
studies relating to diurnal heating of the surface layer. 


8 . 
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3.1. - HCMR CALIBRATION - SEE APPENDIX B 

Several comparisons were made between HCMR 
digital data and in situ measurements obtained in tho Bay I 

of Biscay - see Appendix B, HCMR radiometric temperatures | 

we«e found to be less than in-situ measurements of the | 
sea surface temperature. This difference is rather large * | 
and cannot bo accounted for solrsly by the atmospheric cor- ii 
rection of water vapor absorption for which the mean computed I 
value was only a few ®C (2 to 3“C). A HCMR calibration bias j 
of several **C should probably have been added to the data jj 
• in order to derive more accurate absolute temperatures. i 

Still this calibration bias was not a severe problem for- 

the objectives of the investigation, because it appeareo It 

ij 

rather constant, and because HCMR data were only used as 
relative temperatures. |i 

3.2. - COMPARAISON OF HCMR TO VHRR AND AVHRR DATA - SEE APPENDIX C j 

Jj. 

Comparisons were made of radiometric data obtai- j 

k 

ned over the same marine area at the same time by both HCMR 
and VHRR/NOAA-5, or by HCMR and AVHRR/TIROS-N . They dcmona- f 
trate a definite improvement in the radiometric quality 
of the HCMR data over that of the VHRR, primarily in the ii 

area of radiometric resolution. The comparison between 
HC.MR and AVHRR shows that these two instruments have |i 

similar improved radiometric performances. The higher repe- | 
titivity of data acquisition and the possibility of a multi- j, 
channel (3.7 and 11 ^m) atmospheric correction are in favour | 
of the AVHRR experiment, while the HCMR experiment offered P 
the unique advantage of delivering geometrically corrected 
photographic and digital products. The ground resolution of 
the HCMR instrument (si 500m) was better than the AVHRR expe- ‘ 
riment (S£ 1 km) but the value of this feature is limited to | 
the studies areas having a large surface temperature va- 
riability at small scales, typically the coastal marine 
areas and the sharp thermal fronts. While over some very 
homogeneous oceanic areas, the spatial variability of the 
SST field at scales below 5 km is too low to be detected by 

4-.h0 i nstr.iimc.n'te . 
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Data from AVHRR onboard TIROS-N and N 0 AA »6 
can now be directly transmitted to CMS, LANNION, FRANCE 
and it was this facility that did the processing for the 
HCMM experiment. An atmospheric algorithm has been imple- 
mented at CTAMN, which uses the equivalent radiometric 
temperatures Tg and in AVHRR channels 3 and 4 ( 3 c 7 and 
11 pm), to determine the actual sea surface temperature. 

To = 

Tq= 1.054 (1.42 T3 - 0.42 T4) + 1.13 

(Tq,T 3 and T4 in (°C) . 

This relation has been obtained by Me CLAIN^^^ 
from a comparison between AVHRR data and actual surface 
measurements over the Gulf Stream and is very close to the 
one predicted by DESCHAMPS and PHULPIN^ f rom theoretical 
simulation : 

Tq= 1.48 T3 - 0.48 T4 + 2 .02. 

3.3. - HCMR PRODUCTS 

HCMM photographic products with a suitable 
enhancement of the grey scale in the range ot sea surface 
temperatures and a geometric correction were highly appli- 
cable to the objectives of the investigation because they 
enabled direct utilization of the data. In contrast, VMRR 
and AVHRR photographic products from meteorological satel- 
lites received at CMS, LANNION, FRANCE, have a standard 
enhancement for the meteorological needs in a large tempe- 
rature range, which only permits the selection of cloudfree 
areas ; consequently, the main body of the work is held up 
until after a heavy procedure of digital data processing 
has been completed. 


1 

' » I 

i- 

(1) Me CLAIN, E.P., 1980 - Multiple atmospheric-window techniques ! 

for satellite derived sea surface temperatures. COSPAR/SCOR/ | 

lUCRM Symp. "Oceanography from Space", Venice, ITALY, May 26-30 

1980. f| 

(2) DESCHAMPS P.Y., PHULPIN T., I98O - Atmospheric correction of | 

siir.'Fanc. -hp.mncaT'n'hii rn usinir channels at 3 . 7 . 11 and 12 um . i 
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In addition to providing a more extensive and accurate 
overview of the thermal features in the french coastal 
zones, facilitating initial detection and mapping of thermal 
eddies ami fi’owts, etc.., the expediency provided by the 
HCMM photographic products allowed the investigators to 
conduct a preliminary assessment of the data in order to 
select the digital sets to receive processing and to recom- 
mend guidelines for further elaboration and analysis. This 
consequently allowed a wore productive and efficient eva- < 
luation of the data by the oceanographic community prior 
to any computerized processing. * 

A more detailed description of the results 
achieved by the experiment is given in section 4 and cor- 
responds to the following outline. 

(1) During the period of investigation, May 1978, May 1979, 
HCMM photograph:..c pi'oducts used to make a qualitative 

analysis of cerc/iin persistent thermal features : 

- thermal fronts in the western British Channel, and 
north of Balearic Islands, western Mediterranean Sea j 

- large eddies north of the algerian and african coast j | 

- upwcllings north’/, est of Portugal in the Gulf of Lions I 

I 

and in tuc we.stern Mediterranean Sea . | 

i 

(2) HCMM photcgrapliic products were used to obtain an |i 

assessment of ?>ho frequency of occurence of diurnal {, 

heating of the sea surface in the Mediterranean Sea. • j- 
Prior to the HCMM experiment, the importance of frequent | 
and extensive diurnal heating of the sea surface was , I 

unexpected, but its subsequent establishment leads to I 

I 

the conclusion that for oceanographic purposes, daytime 
satellite imagery should be used cautiously because the ’ 
SST field may be interpreted erroneously. • 

( 3 ) HCMM digital products were used to perform a statistical 
spectral analysis of the mesoscale variability of the 
SST field in the range of scales 3-30 km, thanks to 

the low noise level of the HCMR. 
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4 - SIGNIFICANT RESULTS 
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4 , ] , ^ MESQSCALE VARIABILITY OF THE SST FIELD - SEE APPENDIX D j 

Using VHRR and HCMR infrared digital data, a f 

I 

statistical analysis of the tnesoscale variability of the 

I 

SST field was performed in order to characterise the i 

random properties of this field. The power law exponent, I 
, n, of the spatial spectrum of variance density, E (k)n/k'"” 

(k is wavenumber), was deduced from the computation of the 
I, structure function of the SST. When the study was first 

stiarted on VHRR/NOAA-5, the range of scales was on the order | 
of 40-100 km but HCMR data allowed an extension of the ; 

study down to a scale of 3 km. From an examination of 1 1 I 

VHRR and 9 HCMR scenes, in the range of 3-100 km, h was 
found to vary from 1.5 to 2.3, with a mean value of 1 . 8 . 

These values of n are on the order of those predicted by 
turbulence theories. 

However a discrepancy exists and further advanced 
theories are needed to explain this experimental determina- 
tion of the mesoscale SST variability. 

The feasability of the spectral analysis in the 
range of scales 3-30 km was only made possible by the low 
noise level of the HCMR data . 

4.2. - DIURNAL HEATING - SEE APPENDIX E 

* Daytime HCMR data occasionally exhibited warmer 

sea sui’face areas v;hich extended over 10 to 100 km. The 

* warming was of several “C and easily detected on photogra- 
phic products because these warmer areas usually have graded 
margins that cannot be confused with the sharper boundaries 
of other oceanic thermal phenomena . 

These warmer areas were interpreted as a large 
diurnal heating of the upper surface layer under low wind | 
speed conditions. Evidence of this is supported by several | 
arguments- | 

I 

H 

il 
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Meteorological observations and analysis show that 
warmer areas are assodiated with low wind speed condi- I 

tions - i.e. anticyclonic conditions or coastal breeze ^ 

effects. 

Glitter - i.e. the portion of solar radiation reflected ; 
by the uneven sea surface directly toward the satellite 
sensor - has been used to derive an equivalent wind 
speed from the HCMR visible channel (feasible when 

* f 

observation is close to the specular reflexion of a 
flat sea) . Warmer areas are always associated with changes 
in the glitter patterns and decreasing wind speeds. 

I 

I 

Warmer areas disappear on consecutive nightime HCMR data . | 

I 

Under low wind speed conditions, turbulence * 

induced in the sea surface by the wind stress is strougl}^ ^ 
reduced, and most of the solar radiation absorbed is stored 
in the surface layer without downward propagation. Theore- 
tical simulations using a radiative and heat transfer model 
have been performed. They predict large heating rates in 
the upper meters and a maximum heating of several °C xu the 
upper layer, and have been confirmed by in-sit u measurements. | 
Significant heating only occurs in the upper few ten centi- i 

I 

meters of the surface and is very rapidly destroyed by the | 
nightime cooling. i 

I 

HCMR data allowed us to discover that diurnal | 
heating of more than 1®C was affecting large areas. The ^ | 

frequency of occurence was relatively high in the western 
Mediterranean Sea where more than 10 % of m-'^rine surface 

■« I 

was affected one day or an other, while large diurnal heating 
was very rarely observed in the North Sea (only one scene). 

In strongly affected areas, daytime satellite data could 
consequently yield misleading SST fields, leading to tile 
conclusion that a less deceptive picture of the SST field 
is more likely to be obtained from observations restricted 
to nightime or early morning when the surface layer is more 
homogeneous. 


( 1 ) 


ORIGINAL RAGE IS (2) 
OF POOR QUALITY 
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RESIDUAL ?LOW THROUGH THE DOVER STRAIT - SEE APPENDIX C 

The time sequence of HCMM scenes allowed us to 
outline the influence of meteorological conditions on the 
residual current which flows to the N.E., from the IJi'itish 
Channel through the Dover Strait, and into the North Sea. 
Southwestern winds enhance this residual flow, and, as a 
result, the thermal effluent of the Rhine River is forced 
northward along the Dutch coast in a very narrow coastal 
band. Northeast winds oppose the residual flow, reduce its 
speed and deflected it toward the English coast allowing 
the Rhine thermal effluent ro expand seaward at a distance 
of up to 25 nautical miles. A close correlation exists bet- 
ween wind speed direction and the offshore spread of the 
effluent . 



h 


4.4. - TIDAL FRONTS IN THE WESTERN APPROACHES OF THE BRITISH 
CHANNEL - SEE APPENDIX C 

Tidal fronts occur in shelf areas where the tidal 
currents are large enough to destroy the seasonal thermocllne. 
In shallow depths, the tidal currents induce turbulence that 
mixes the water column. The warmer stratified and colder 
homogeneous waters are separated by a tidal front that appears 
as a surface thermal front on satellite imagery. 

Tidal fronts in the western approaches of the 
British Channel were first detected with the VHRR . HCMM 
ohotographic products have since been used to further ana- 
lyse the time and space variability of these thermal fronts 
during summer 78. 


4.5. - UPWELLING AT THE CONTINENTAL SHELF BREAK IN THE BAY 
OF BISCAY - SEE APPENDIX C 

HCMM data confirm the existence of a permanent 
upwelling phenomenon at the continental shelf break in the 
Bay of Biscay. The upwelling is outlined by the appearance 
of cold water in summertime. This has already been observed 
in previous VHRR data. From HCMM scenes, a more complete 
description and interpretation of the upwelling has been 
obtained . 
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(1) The upwcJ.lin <2 iii» probably permanent, but is enhanced by 
colder upwolled water In summertime when a seasonal ther- 
mocline i.s formed. On one occasion, January 17, 1979, warmer 
water appeared in wintertime at the shelf break (HCMM scene 
A-A 0265 ' - O 1 O 90 ) I this is probably an intermediate warmer 
water, possioly ot* Modlbcrranean, flowing out through the 
Gibraltar Strait, int>o the Atlantic, at a depth of several 
hundred meters, 

'iK 

( 2 ) The upwelling is more pronounced after spring tides, 
which suggests that the basic mechanism for the upwelling 
is a tidal one. On two occasions after spring tides, August 
25 and September 21, 1978, HCMM scenes (A-A OI 21 -I 326 O 

and A-A 014 8-1.3320) show very similar patterns of cold water 
at the shelf break, with a maximum intensity between *48N-8 e 
and 46 . 3 ON- 5E where the tidal currents are at a maximum. 


4 . 6 . - COASTAL ST UDIES IN THE BAY OF BISCAY SEE APPENDIX F 


The action of tidal currents in shallow 
regions produces a tui’bulence that mixes the water column 
and destroys the seasonal thermocline , The resulting colder, 
homogeneous shelf water is separated from the warmer stra- 
tified offshore water by a zone where the thermal gradient 
is high. This phenomenon, unexpected prior to HCMM obser- 
vations, is similar to the tidal fronts in the western 
approaches of the British Channel (section 4-4). 

4 . 7 . - WESTERN M E DITERRANEAN SEA TEST SITE 

Results reported here are based on VHRR/NOAA-5 

and HCMM data . 


4 • 7 • 1 • Result s obtained with VHRR/NOAA-5 

The region of Ligurian Sea between Corsica and the 
southern coast of France was studied in 100 VHRR/NOAA-5 
images tak-'U from the period 1975-79. The study revealed a 
cyclonic surface circulation quasi-permanent and emphasized 
by its thermal pattern. 


15 .- 


ORIGINAL PAGE IS | 

OF POOR QUALITY Annual variations of thp horizontal thermal I 

gradient structure have been described and agree very well f 

with previous in-situ measurements. Low frequency waves in f 
tl»e Ligurian Sea have been observed on time-series of f 

VHRR/NOAA-5 in December I977i with associated wavelength f 

and phase velocity of 40 km and O.lO m.s”^. These waves are ) 
analysed in terms of large amplitude baroclinic waves as 
those discussed in the theory of baroclinic instability. 

* t 

A similar study using VHRR/NOAA-5 was done for | 
the Gulf of Lions, an area where coastal upwelling is common f 
in summertime. The data shows strong evidence for a relation 
between the location of the upwelling and the contour of the ! 
adjacent coastline. The phenomenon is much more intense along | 
straight coastal segments of 10 to 20 km in length than in s 
the vicinity of capes and small bays. The whole imagery sug- ’ 
gests that the associated circulation in the surface layer 
is strongly variable in space and time a fact verified by 
in-situ measurements and consistent with the very real pre- 
sence of wind induced eddies in the surface layer. 

The effect of the Mistral wind on the Ligurian 
current has been studied by using a time sequence of VHRR/ 
NOAA-5 data. The Ligurian current flows along the french 
coast from the Ligurian Sea into the Gulf of Lions where a 
frontal zone separates the Ligurian current and colder water 
upwelled in the Gulf of Lions. It has been found that the 
surface flow associated with the current is stemmed by strong • 
westerly winds and when the wind drops, the frontal zone moves , 
westward at speeds up to 0.3 m.s”^. 

4.7"2. Results obtained with HCMM - see Appendix C and G 

HCMM photographic products allowed us to capture 
several features of the large scale surface circulation in 
the northern part of the western Mediterranean sea (see 
Appendix C) : 

- to study the seasonal variation of the mean location I 

of the front formed north of Balearic Islands, at the ? 

juncture between the Atlantic current flowing from the | 
Gibraltar Strait to the north-east and the Ligurian cur- ft 
rent flowing to the south-west along the southern coast i 
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- to confirm previous observations of cyclonic circulation 
in the Ligurian sea and upwellings in the Gulf of Lions, 

ORIGINAL PAGE 18 ■■ detect for the first time large anticyclonic eddies 
OF POOR QUALITY ( 2L 100 km diameter) in the southern part of the Mediter- 
ranean Sea . 

HCMM digital products were also used to make a 
statistical analysis of small cyclonic and anticyclonic eddies ^ 
in the Ligurian sea (see Appendix G) . « 


ft 

5 - PUBLICATIONS 


Included in this section are all the materialw 
published by the investigators on infrared remote sensing of 
the sea surface temperature. Publications which pertain more 
specifically to the HCMM experiment are marked with an 
asterisk . 
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. I 

Lions - Oceanologica Acta, 2, 261-274. I 

I 

- P.Y.DESCHAMPS, T.PHULPIN (I 98 O) - Atmospheric correction of | 
infrared measurements of sea surface temperature using * J 
channels at 3.7, 11 and 12 pm - Boundary-Layer Meteorology, 
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mination oF the mesoscale variability of the sea surface 
temperature - JournaTi of Physical Oceanography, 11,864-870. 
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P.Y.DESCHAMPS, R.FROUIN, M.CREPON - Sea surface temperature 
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I 
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surface observed by the HCMM experiment - (submitted to) 
Journal of Physical Oceanography. 
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LILLE 1 , Janvier I98I, n ‘‘877 - 
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HCMM DATA GEOMETRY ^ 

The geometric correction performed on IICMM data 
was partly disappointing. The accuracy with which it was per- 
formed on the day or night products was generally of several 
pixels. Occasionally^ the vertical scale was different from 
the horizontal scale : when transferred on to map locations^ 
there was a discrepancy between lines distances (500 m) and 
pixel 'distances (450 m)^ lacking correspondence to the nominal 
value (470-480 m) . 

Additional geometric correction of digital data 
for registering one HCMM scene to an other, was sometimes neces 
sary in order to arrive at a better accuracy. In some cases, 
it would have been simpler to start from non geometrically cor- 
rected data. 

Photographic were products without problems in geometry 
and were used to detect and map with sufficient accuracy most 
of the oceanic features. 

PERIODIC NOISE 

A periodic signal of variable amplitude was pre- 
sent is the data when analysed by FOURIER transform or struc- 
ture function, particularly along a line j with a tropical 
period of 6 pixels. This was only a problem for the statistical 
analysis of the sea surface temperature at the smallest scales 
(less than 5 km) . 

CONTRAST OF THERMAL IMAGERY 

Some of the standard photographic products were 
not enough enhanced in the infrared channel, making it impos- 
sible to derive from these images any formation over the ocea- 
nic areas where temperature variations were small. 


20 .- 


Thia mainly occured on the day-infrared photo- 
graphic products when the grey scale was then extended over 
a large temperature range to adjust for the warm temperature 
of land surfaces. Specific enhancement for the purposes of 
oceanographic rysearcU would be very useful and is proposed 
as a recommendation (section 8). 

7 - IMAGE pUALXTY ANP DELIVERY 
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7.1 - IMAGE QUA LITY i 

I 

n 

Image quality was generally good except for those I 

1 

periods coi respond! ng to high noise levels in the thermal 
channel. Another problem v/a« the geometry of the images (see 
section 6-1). Defects occasionally occured : stripes^ or ano- | 
malous lines, grids of periodic black or bright pixels, but \ 
did not seriously affect the objectives of the investigation. 

I 

7.2 - TEST SITES COVERAGE I 

i 

A list ot the received data, photographic and digital | 
products, is given in Appendix H. i| 

i 

if 

Coverage was generally good over all the test sites, | 
and excellent in the Mediterranean Sea, as excepted from the ^ || 

cloud cover analysis. jl 

# ^ 

The major lack of cloudfree data was for studies of j 

I 

estuarine thermal gradients during winter. I 

I 

7.3 - DELIVERY 

Photographic products started to arrive one year 
after launch on a erratic schedule. It would have been prefe- 
rable to receive them in chronological order, e.g. as complete 
monthly data sets. This would have enabled a more efficient 
and definite selection of the request orders within a given 
period. 
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Some of the digital data on requeated were received 
twice* some completely omitted. Most of the tapes received con- 
tained onJv one or two scenes, against a potential of 5 scenes 
at the very minimum. The amount of tapes was increased conse>< 
quentXy s 200 tapes that were finally received were eventually 
copied onto only 35 tapes . 


8 - RECOMMENDATIONS 

The following recommendation is specific to oceano- 
graphic investigation of the SST field. It is our opinion that 
in would he better to study photographic products (infrared ima- 
geries) having a constant contrast temperature, i.e. a grey scale 
expanded over a constant range of temperature (— io“C) around the 
mean climatological value of the SST. 


9 - CONCLUSIONS 

I** -HCMR and AVHRR data were comparable quality for 
oceanographic studies of SST. Both instruments show a large impro- 
vement over the VHRR, primarily due to a 7*V)duction in noise level. 
Repetitivity and multichannel atmospheric correction favour the 
AVHRR, while geometric correction performed on suitably enhanced 
HCMM photographic products is a great help to detection mapping 
oceanic features. 

2 ° - Day and night infrared HCMM data were used in a 
number of studies of oceanic and coastal phenomena : 

- the interaction of the residual flow through the Dover Strait 
with the Rhine River effluent, 

- the tidal fronts in the western approaches of the British 
Channel, 

- the upwellings at the shelf break in the Bay of Biscay, | 

i 
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- the formation of coastal cold water regions in the Bay of Biscay, 
^ the surface circulation and eddies in the Ligurian sea, 

- the coastal upwellings in the Gulf of Lions, 

- the thermal front north of the Balearic islands, 

- large eddies associated with the Atlantic current north of 

Algeria, 

- statistical analysis of the mesoscale variability of the SST. 

3® - Day - night differences were used only for a ^ 
study of diurnal heating of the surface layer of the sea during 
periods of low wind speed. 
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AppeuctcX B 


GROUND TRUTH DATA and HCMR MEASUREMENTS 


1) Periodical sea surface temperature measurements are performed 
by the ” Roseau Nationsil de la Quality du Milieu Marin ** along 
the Atlantic shore. For example, in the Loire estuarj’’, measure- 
“ments are performed by the ** Institut ScientifiQ.ue et Technupie 
des Peches Maritimes ”, Nantes, every week, a+ 6 stations. On 
09/15/78 j SST measurements were made simultaneously by the HCMM 
satellite and the I.S.T.P.M.. 

Results : for 2 stations A and B, Sea surface temperatures measured 
I.S.T.P.M. were 29O“0.. Calculated temperatures from calibrated 
count of HCMR were 283 ®C.. Thus, in this particular case, the temperatures 
observed by the satellite were cooler than the ground truth by 2®c. 

2) The "Etablisseraent d* Etudes et de Recherches Mdtdorologiques" situ- 
ated at the "Centre Ocdanologique de Bretagne", in Brest, performs 

a statistic treatment of sea surface temperature measurements in the 
Bay of Biscay, the west of Channel, and the southern region of the 
Irish sea (SST-GASC is the name of the processing) . (Visualization of 
the results) are printed twice a day and a thermography in this area 
is produced three times a month ...The range of precision of these measure- 
ments (obtained from merchant. "'ships) is about + 0.5“C. 

From three HCMM scenes of good quality, comparisons were made between 
. Satellite and SST-GASC measurements. 

The following table presents results of this analysis. 

For each station are given : temperature in °C from SST-GASC measure- 
ments, temperature in ®C calculated from calibrated count of the HCMR, 
and difference between ground truth data and satellite measurement. 

In each case, the satellite observed temperatures were cooler than 
the ground truth (cibout 7°C) . Tl;ese results are similar to R.N.O. 
observations . 
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ABSTRACT 


The HCMM (Heat Capacity Mapping Mission) experimental satellite 
was launched in April 1978 and provided data until 1980. Although the 
basic objective of the experiment was the measurement of diurnal tempe- 
rature variations of the earth's surface for applications to geology 
and hydrology, the good performance of the HCMR (Heat Capacity Mapping 
Radiometer) on board the satellite recommended it for use in oceanogra- 
phic studies. The data were acquired in the form of photographic products 
and magnetic tapes, and systematically utilized for evaluation of surface 
temperature in french oceanic regions according to an investigation accep- 
ted by NASA (National Aeronautics and Space Administration) . 

A comparison of the radiometric perfomances of the HCMR to those 
of the VHRR (Very High Resolution Radiometer) and AVHRR (Advanced Very 
High Resolution Radiometer) on board meteorological satellites is pre- 
sented, demonstrating the decisive gain in quality of the HCMR over the 
VHRR for the observation of mesoscale structures in the ocean. The simi- 
larities between the radiometric properties of the HCMR and AVHRR are 
also discussed. 

The utilization of photographic products proved very suitable 
since they had already been geometrically corrected and enhanced in the 
temperature range of the sea surface, consequently avoiding many of those 
cases requiring involved computer treatment. Examples of results obtained 
by photo interpretation of marine structures observed in the regions 
relevant to the investigation (North Sea, British Channel, Celtic Sea, 


Bay of Biscay and western Mediterranean) are presented In this study. 

From these > conclusions have been drawn regarding several oceanic phe- 
nomena. 

- The thermal effluent of the Rhine Is affected by the tidal 
residual current of the North Sea. The extent of the offshore diffusion 
of the estuary system Is Influenced by winds from the NE and W which 
respectively retard or accelerate the residual current. 

- Images showing cold water along the edge of the continental 
shelf strongly support the hypothesis of a mixing process due to Inter- 
nal waves generated by the action of tidal currents at the edge of the 
shelf . 

- Large scale eddy structures detected during the summer In the 
western Mediterranean region around 6®E and 38®N may be linked to a phe- 
nomenon of barotroplc - barocllnlc Instability. 

- The presence of significant diurnal heating of the surface layer 
(several °C) Is related to weak winds In the Mediterranean, leading to 
Interpret with caution daytime SST (Sea Surface Temperature) satellite 
observations made during the summer period. 
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RESUME 


L'exp^irlence satellitaire H.C.M.M. a lancde en avrll 1978 avec 
pour objectif de mesurer les variations diurnes de la temperature de surface 
de la Terre f en vue d ' applications en Gdologie et en Hydrologic. Les bonnes 
performances du radiometre H.C.M.R. 3 l bord du satellite (NEDT de 0,3 *’C, 
resolution au sol de 500 m) I'ont aussi designee pour des etudes en Oceano- 
graphic. Les donnees fournies par le satellite ont convert la periods allant 
de avril 1978 H juillet 1980. Ces donnees, sous forme de produits photogra- 
phiques et de bandes magnetiques, ont ete systematiquement utilisees pour 
1 ' observation de la temperature de surface des regions ocdaniques fran- 
gaises, dans le cadre d'une investigation acceptee par la NASA. 

Une comparaison des performances radiometriques du H.C.M.R. A 
celles du V.H.R.R. et du A.V.H.R.R. des satellites meteorologiques de la 
NOAA est d'abord effectuee, mettant en evidence le gain de qualite decisif 
du H.C.M.R. sur le V.H.R.R. pour I'observation des structures a moyennes 
dchelles en zone ocdanique, ainsi qua la qualite radiometrique similaire 
du H.C.M.R. et du A.V.H.R.R.. 

L' utilisation du produit photographique , particulierement bien 
adapte puisque corrigd geometriquement et augmente en contrasts dans la 
gamme des temperatures de surface de la mer, s' est averse fructueuse, evi- 
tant dans la plupart des cas de proceder A un traitement informatique sou- 
vent lourd. Des exemples de rdsultats obtenus par photo-interpretation pour 
I'observation des structures marines dans les regions concernees par 1' in- 
vestigation (Mer du Nord, Manche, Mer Celtique, Golfe de Gascogne, Mediter- 
ranee occidentale) sont presentes. En particulier, des conclusions ont ete 


obtenues sur plusleurs aspects ocSanographlques : 

- Influence du courant rdslduel & travers le Detroit du Pas de Calais sur 
1' effluent thenaique du Rhin ; la plus ou moins grande diffusion de cet 
effluent h partir de la cOte eat associde & des vents de secteurs Nord-Est 
et Quest qul respectivement freinent ou accdlSrent le courant rdsiduel ; 

- les images obtenues sur 1' apparition d'eaux froides en 6t6 & la limite du 
plateau continental au large de la Bretagne soutiennent fermement I'hypo- 
thSse d'un mdcanisme ddclenchd par les ondes internes gdndrdes par les cou- 
rants de marSe & la rupture de la pente ; 

- la detection de structures tourbillonnaires de grande amplitude (lOO km) 
en Mdditerrem^e Occidentale dans la zone voislne de 6°E et 38°N en pdriode 
estivale ; 

- 1* apparition d' echauf fements superficiels dlurnes importants (plusieurs 
"C) li4s Si des vents trSs faibles, en Mdditerrande : cela doit conduire S 
utiliser avec suspicion les obsservations satellitaires de jour en pdriode 


estivale . 
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INTRODUCTION 


Examination of the eaith's surface temperature field is now 
becoming a common practice. The first space experiments in this area 
were launched in the 60' s, but it wasn't until the early 70 's that the 
VHRR experiment on meteorological NOAA (National Oceanographic and At- 
mospheric Administration) satellites permitted a systematic and fairly 
precise observation of the temperature field of the earth's sutface. 
Although a large number of ocean phenomena have been studied in this 
manner from space (see among other reviews/ those by LEGECKIS/ 1978/ 
and Me CLAIN/ 1980) , examination of even pronounced ocean structures has 
still been somewhat limited by the Instrumental performances of the VHRR 
(Noise Equivalent Differential Temperature/ NEDT of 0.5 to l*c) . 

During 1978/ radiometers of a new generation were installed on 
different satellites : the HCMR on HCMM ; the AVHRR on TIROS-N ; and 
secondarily/ the CZCS (Coastal Zone Color Scanner) on NIMBUS-7. All 
included channels in the infrared/ and permitted a hope of improved 
performance for observing the sea surface temperature field primarily by 
a notable reduction in instrumental noise. 

The present study essentially concerns the HCMR experiment 
launched in April 1978/ for which an investigation had been accepted 
by NASA. The materials provided by NASA consisted of both photographic 
products and magnetic tapes. The utilization of photographic products 
was particularly well adapted to the purposes of this oceanographic study 
since they were already geometrically corrected and enhanced in the 
sea surface temperature range. A description of the satellite experiment 
is first presented/ then a comparison of the radiometric performances of 
the HCMR to the VHRR and AVHRR/ followed by the results obtained through 
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photo interpretation of the marine features observed in the regions rele- 
vant to the investigation. 

II - THE HCMM SATELLITE EXPERIMENT 


The fundeunental objective of the HCMM space experiment was the 
measurement of the diurnal temperature variation on the surface of the 
earth (solar heating during the day, radiative cooling at night) for appli- 
cations to earth resources (geology, hydrology, etc...) For this, the HCMM 
satellite was placed at an altitude of 620 km in a sun- synchronous orbit, 
circular, quasi-'Polar, characterized by an inclination of 97*79° and a 
period of 97.2 minutes. The passage over the equator took place at appro- 
ximatively 02 and 14 hours local time in order that data could be obtained 
near the minimum and the maximuin of diurnal temperature variation. The 
radiometer onboard the satellite was a scanning radiometer that acquired 
data in 2 channels ; the visible and near infrared (0.5 - 1.1 yra) , and 
the thermal infrared (10.5 - 12.5 pm). Similar channels had already been 
used on previous meteorological satellites, but the purpose of the modified 
instrumentation of the HCMM experiment was : 

(1) to significantly improve measurement in the thermal Infrared by an 
NEDT of 0.3°C and a ground resolution of 0.5 km (as opposed to an NEDT 
between 0.5 and 1°C and a ground resolution of 1 km for the VHRR radiometer 
of NOAA satellites) , and 

(ii) to increase the possibility of obtaining maps of the day/night 
surface temperature differences at 12 and 36 hour intervals. The main 
objective of the HCMM experiment was to determine the thermal inertia 
of the earth's surface with the intentions of : measuring variations of 
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ground humidity and evapotranspiration of th« v«getati<'n ; discriminating 
d>,fferent rock types and locating rvlnsral beds i and measuring the extent 
of snow covered areas for the purpone of forecasting runoff due to the 
melting of ice. Moreover, the good performance of the HCMR recommended 
it for studies in oceanography. 

The data were available in the form of photographic products and 

2 

digitalized magnetic tapes. Each scene covered an area 700 x 7Co km and 
contained the following information : 

(i) diffuse albedo (or reflectance) from the channel in the visible ; 

(ii) surface temperature from the channel in the Infrared ; eventually 

(iii) day/night temperature difference, and 

(iv) thermal inertia. 

I ll - COMPARISON BETWEEN DIFFERENT RADIOMETERS (HCMR, VHRR and AVHRR) 


Radiometers of the seune type as the HCMR have been operational 
for the past few years for measurement, on an observational basis, of 
the earth's surface temperature : the VHRR on NOAA satellites (NOAA 3 to 5) 
from 1972 to 1978 ; the AVHRR on TIROS-N and NOAA 6 in 1978 and 1979, and 
recently (April 1981) on NOAA 7 which replaced TIROS-N. The performances 
of these radiometers are compared to those of the HCMR and summarized in 
Table 1. Note that the HCMR and AVHRR exhibit respectively a gain in 
radiometric quality (product of NEDT by the ground resolution) by a fac- 
tor of 3 and 5 times over the VHRR. 

In order to demonstrate the gain in radiometric performances of 
the HCMR over the VHRR and to evaluate its impact on the measured tempe- 
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rature field, the HCHR data acquired 10 Hay 1978 at 2 h Tu on the Bay 
of Biscay have been compared to those of the VHRR acquired 11 Hay 1978 
at 8 h TU on apprpximatively the same area centered at 45*30* N - 4*30 *H. 

An eddy 'v 50 km wide is clearly visible in the HCHR data (Fig. 1-aV while 
it appears only weakly in the VHRR data (too noisy) (Fig. 1-b) . The refi- 
ned quality of the HCHR data has allowed the detection and study of even 
those structures having weak amplitudes (less than 1*C). 

Fig. 2 gives the spatial spectrum of variance density of the sea 

surface temperature E(k) (where k is the wavenumber) for the same region 
2 

(64 X 64 km ) corresponding to the proceeding eddy, drawn from the data 
of the VHRR and HCMR and calculated in the direction of the satellite 
tr»ck. The E(k) spectra, which characterize the surface temperature varia- 
bility in the study region, tend to a limit at high wavenumbers, equal 
to the variance of the noise divided by T (when T is the sjunpling 

rate of the data : 1 km in the case of the VHRR ; 0.5 km in the case of 

2 

the HCMR). Consequently the observed noise level is 0.03 (*C) in the 
case of the HCMR and 0.6 (*C)^ in the case of the VHRR - i.e. 20 times 
more elevated for the VHRR. Note also in Fig. 2 that the physical Infor- 
■ mation begins to be significant at wavenumbers greater than 1/40 (km ^) 
in the case of the VHRR, and 1/5 (km ^) in the case of the HCMR. This 
indicates that in such an area of weak variance, the analysis of the 
surface temperature field is limited, due to noise, to a scale greater 
than 40 km in the case of the VHRR and to 5 km in the case of the HCMR. 

A similar comparison was made on data acquired almost simultane- 
ously by the HCMR and the AVHRR, 17 july 1979 in the Bay of Biscay (12 h 45 
TU for HCMR, 15 h 15 TU for the AVHRR) . The AVHRR data were acquired by 
the receiving station LANNION, Prance, and were not geometrically correc- 
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ted. The figure* 3-a and 3-b present an enhanced visualization of an eddy 
structure of amplitude greater than iOO Hm in the south eastern region 
of the Bay of Biscay. The comparison of Fig, 3-a and 3-b shows a similar 
quality in the restituted temperature field by the HCMR and AVKRR that 
is confirmed by spectral analysis (Fig. 4) . The spatial spectrum of tem- 
perature variance density^ E(k)f corresponding to the western portion 
of the eddy structure > was calculated in the direction of the satellite 
track. 


In this oceanic zone, it seems that the surface temperature 

-2 

field could be characterized by E(k) k . The determination is limited 

2 

at high wavenumbers by the noise level’ of the radiometers : 0.02 C*c) 
for the HCMR» and 0.01 (®C)^ for the AVHRR. This dependence of the spec- 
trum on wavenumber has not been explained by any turbulence theory 
(DESCHAMPS et al., 1981). Note also in Fig. 4 that for the two experi- 
ments, the physical information begins to be significant at a scale 
greater than 5 km. This indicates that the relation between noise level 
and ground resolution by the radiometers is not optimal for study of 
surface temperature in those oceanic zones where variance is weak, par- 
ticularly in the HCMK case. A better compromise would be to have a Variance 

2 

of noise less than 0.01 (°C) and a ground resolution on the order of 2 km. 

This comparative study emphasizes the following conclusions. 

(1) The quality of the radiometric performances of the HCMR (ground 
resolution and NEDT) as compared to those of the VHRR, shows a net 
improvement in the observation of sea surface temperature field and its 
application to oceanography. 


2) Th« analyais of tha spatial spactrum of ta«i:sparatura varlanca dansity 
shovs that the intarpcatatlon of tha data is generally United by radio-* 
metric performances (noise level) at scales below 5 km in oceanic regions. 
One can also conclude from this analysis that a N E D T less than 0.1 *C 
and a ground resolution of 2 km give more optimal radiometric performances 
for the study of surface temperature in oceanic regions. 

3} The HCMR data has the potential of being very useful for the detailed 
analysis of the sea surface temperature field, particularly in coastal 
regions, due to a ground resolution of 500 m. 

4) The HCMR/HCMM and avhrr/tiros-N. NOAA 6 have comparable radiometric 
performances. The repetitivity and the existence of a channel at 3.7 ym 
for atmospheric correction (DESCHAMPS and PKULPIN. 1980) are in favor of 
the AVHRR/ however, the HCMR has the unique advantage of delivering the 
photographic products and digital data radiometrically and geometrically 
corrected, which enables direct utilization. 

IV - OCEANOGRAPHIC PHENOMENA OBSERVED OFF THE FRENCH COAST 

Due to the operational features of the VHRR experiment on board 
the NOAA satellites, it has been possible since the 70 's to systematically 
observe from space the surface temperature of french oceanic regions. Direct 
reception of the data at CMS (Centre de Mdtdorologie Spatiale) in LANNION. 
Prance, has been routinely employed, being limited only by the radiometric 
performances of the VHRR and by the presence of clouds in the instrument 
field of view. In regions of the British Channel and North Sea, submitted 
to a continual regime of atmospheric perturbances, the cloud cover has the 
effect of considerably reducing the quality of observation from space, ho- 
wever, the meteorological situation in the Mediterranean is much more fa- 


vorable. 
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The utilization of channels in the visible for discriminating re- 
gions of clouds and the time scales of atmospheric perturbations (generally 
much shorter than comparable oceanic perturbances) has permitted effective 
observation even though the presence of clouds has often rendered difficult 
those dynamic studies requiring continual survey of the phenomena of in- 
terest. 


An HCMR with improved radiometric performance was launched in 
April 1978 with the hope of providing more detailed observation of fine 
structure phenomena. The photographic products provided by NASA were 
particularly appropriate since prior geometric correction and enhance- 
ment in the temperature range of the sea enabled direct ^ interpretation of 
the data. 

From May 1978 to May 1979, the HCMR provided approximatively 1000 such 
images of french oceanic regions that have since been examined and ana- 
lysed. 

That which follows is a presentation of the work accomplished on 3 regions 
of study (figure 5) : the southern portion of the North Sea (zone 1) ; 
the western British Channel, the Celtic Sea, and the Bay of Biscay (zone 2) ; 
and the northwestern Mediterranean (zone 3) . On the photo images, the 
darkest shades correspond to either the lowest temperature (thermal infra- 
red channel) or to the lowest reflectance (visible channel) . 


ZONE 1 

The Thermal effluent of the Rhine 

Systematic observations of the effluent from the Rhine-Meuse- 
Escaut system have been obtained by the HCMM experimental satellite and 


are presented in figures 6 and 7. 

On entering the sea, the effluent is entrained by the circulation cha- 
racteristic of the southern portion of the North Sea. The mean residual 
circulation (NIHOUL and RONDAY, 1975) is directed from the south west 
to the north east (fig. 8) and the current tends to flow in a straight 
line from the Dover Strait following the isobaths deeper than 30 m which 
are located at the center of the southern Bight. It moves off the dutch 
coastline at the level of the Rhine-Meuse-Escaut estuary system permitting 
the effluent to diffuse offshore-i.e. westward. At the Frisonnis archipe- 
lago the current more or less follows again the dutch coast. 

The Interaction of the effluent (warmer in summer, colder in winter) 
with the residual circulation is complex, but an exaunination of the pho- 
tos shows that it can be separated into 2 parts : 

- The southern portion of the effluent (Escaut and Meuse) has a tendancy 
to flow towards the southwest before being entrained by the residual cur- 
rent, forming a diffuse wedge-shaped plume along the belgian coast. This 
is particularly visible during the winter period shown in figure 7. A 
LANDSAT image (figure 9) reveals that sediments are transported southward 
in a similar manner. The southern region receives fresh water of lower den- 
sity ejected by estuary system but the energetic action of tidal currents 
rapidly destroys and prevents stratification in the marine environment. 

- The northern position of the effluent (Rhine principally) is generally 
entrained directly toward the northeast and forced along the dutch coast 
by the residual current (figure 6 during the summer) . The effluent forms 
a pronounced offshore boundary separating the non stratified atlantic 
water in the center from the coastally stratified water. In northern sec- 
tion, stratification is made possible by the combined actions of trans- 
port of less dense fresh water and the higher values of the SIMPSON-HUNTER 
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parameter (NIHOUL> 1980) which governs the stability of stratification. Un- 
like NIHOUL's model, the one's developed by PXNGREE (1978) doe^^ not indicate 
this tendency toward increased stratification along the dutch coast from the 
city of the Haye to Texel Island (Fig. 10) . 

An examination of the meteorological situation (mean wind speed direc- 
tion and speed) for the period May- June 1978, reveals the interaction between 
the residual current and the thermal effluent. In the situation of winds do- 
minating from the west (4-10 June) , the northern portion of the plume is ob- 
served to extend along the dutch coast in the direction of the Frisonnis Is- 
lands (see the observations of 4 and 9 June) . On the other hand, when winds 
were from the northeast (16-19 and 25-31 May, 14-20 June) a broad seaward 
dispersion of the plume (typically 40 km) is noted (observations of 18, 30 
May ; 19-20 June) . During 19-20 June, following relatively strong winds from 
the northeast, cold unstratified water, encountered offshore the Frisonnis 
Islands, penetrated southward along the dutch coast. The offshore transport 
of freshwater rapidly diffused and was then insufficient to maintain stra- 
tifacation near the coast, which is in agreement with the diminution of the 
SIMPSON-HUNTER parameter. 

The diffusion system of the northern portion of the thermal effluent 
is interpreted as being connected to changes in the residual current that 
arise as a consequence of wind action. Western winds tend to create a wind 
driven current which contributes to intensify the residual current, 
particularly along the dutch coast (PINGREE and GRIFFITHS, 1980) , where it 
forces the effluent shoreward while entraining it farther to the north. 

When the winds are from the northeast they counteract the flow of the resi- 
dual current, reducing its speed and deflecting it toward the english coast, 
thus permitting a broad seaward diffusion of the thermal effluent and only 
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limited northward entrainment. 

Observation of the thermal effluent of the Rhlne-Meuse-Escaut system by 
photographic products of the HCMM enables the following conclusions to be 
drawn, which are also supported by results based on nisnerlcal simulation 
(NIHOUL and RONDAY, 1975) of the circulation In the southern Bight of the , 

North Sea ; 

- The average circulation Is directed from the southwest to the northeast 
away from the Dover Strait (NIHOUL and RONDAY, 1975) . 

- The western winds reinforces the residual current toward the dutch coast, 
whereas winds from the northeast oppose this current and deflect It toward 
the engllsh coast (PINGREE and GRIFFITHS, 1980) . 

- Stratification Is absent to the south of the Rhlne-Meuse-Escaut estuary 
system, but present to the north along the dutch coast (NIHOUL, 1980) where 
It Is maintained by the transport of freshwater from river outflow. 

ZONE 2 

A - TIDAL FRONTS WEST OF BRITTANY AND IN THE WESTERI1 BRITISH CHANNEL 

Figures 12-a and 12-c show HCMR observations of tidal fronts In the ^ 

western approaches of the British Channel, west of Brittany (Ushant front) , 
near the cape of Cornwalls (front of Scllly Islands) , and between Ireland 
and England (front of the Irish Sea) . These fronts have been known for a 
long time (already observed by DIETRICH, 1950) and the mechanisms forming 
them have been studied by various authors (SIMPSON and HUNTER, 1974 ; FEARN- 
HEAD, 1975, PINGREE and GRIFFITHS, 1978 ; GARZOLI, 1979). 
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These fronts are produced by the action of tidal currents which mix the 
water colunm in the shelf region when the depth is shallow and the tidal cur- 
rent speed, U, is high, and eventually destroy the summer stratification. As 
a result, surface water is colder and a well* marked surface themal front se- 
parates the regions of stratified and homogenous waters. 

The stratification is governed either by the SXMPSON-HUNTER parameter, 

3 2 

S = log^Q(H/Cj^U ) (SIMPSON and HUNTER , 1974) or by the parameter S' - H/U 

(GARZOLI, 1979) where Cj^ is the drag coefficient (Cj^ =: 0.0025). According 

3 -2 3 

to PINGREE and GRIFFITHS, when S < 1 (H/U is expressed in cm s ) the 
medium is stable emd stratified, and when S > 2 mixing occurs and the fluid 

o -12 

becomes homogeneous. In the model of GARZOLI, H/U » 1 cm s Is the criti- 
cal value beyond which stratification no longer takes place. The thermal front 
appears at the boundary between the stratified and homogeneous waters. 

Pig. 13 shows locations of the fronts predicted by PEARNHEAD (1975) , and 
PINGREE and GRIFFITHS (1978). These positions, already captured by NOAA satel- 
lites (SIMPSON et al., 1978 ; PINGREE and GRIFFITHS, 1978), are confirmed 
by HCMM observations. Note also in fig. 12 -a and 12-c that the Ushant front, 
though pronounced at the level of Ushant Island ('v 3®C) , progressively disap- 
pears farther north. This is explained by the fact that the gradient of S or 
S' is weaker in the northern portion than around Ushant Island (weaker tidal 
currents and the slope less steep) rendering the separation between the stra- 
tified and homogeneous regions less distinct. 

On the image of 25 August, and less clearly on that of 21 September, one 
can observe a phenomenon mentionned by PINGREE (1979) ; colder and more homo- 
geneous water east of the front of Brittany diffusing westward in fingers per- 
pendicular to the margin of the front. According to PINGREE, these intrusions 
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of cold water play an important role In the mechanism of expanding thermocline 
erosion which occured during this period (the end of the summer) . As surface 
heat was reduced ^ the front progressed westward. 

The positions of these fronts are subjected to changes due to a variety 
of factors. 

- Variations of the tidal coefficient can double the amplitude of the tidal 
current. 

“ The evolution of energy and heat exchanges at the surface throughout the 
season can create conditions of different stratification. 

- The wind can be a dominant factor in regions of weak tidal current (SIMPSON 
et al. , 1978) . 

- The phenomenon of advection may play a role, advancing the front margin 
(GARZOLI, 1979). 

HCMH observations show the evolution in the position of the Ushant front 
during May-September 1978 (Fig. 14). The position is very f luct\iating . Note 
an eastward displacement, due to increased stability of the stratified water, 
is absent during May-September in contradiction to studies by PINGREE (1975) 
and GARZOLI (1979) , 

Moreover, in Fig. 14, the situation of May 21 is different from that of 
26 May in that the front is displaced more than 100 km westward at 49®30' N. 
These observations occured before and after a period of strong tidal coeffi- 
cients, the meteorological situation being the same during 15-26 May with rela- 
tively weak winds in the northern sector. These observations suggest the follo- 
wing hypothesis : the currents beccime more important between 21 and 26 May, 
and as S and S' parameters diminished, the stratification was progressively 
destroyed in the region where the front was localized on 21 May. In response 
to the diminution in the S and S' parameters, the thrust of the front advanced 
to greater depths (westward) until H was large enough to render ineffective 
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the tidal currents on the destruction of the stratification. 

B - OBSERVATIONS ON THE EDGE OF THE CONTINENTAL SHELF 

Summer satellite observations (PINGREE, 1979, DICKSON et al., 1980) show 
a band of cold water situated at the edge of the continental shelf, where the 
ocean bottom drops from 200 m to several 1000 m. This band of cold water (repor- 
ted by PINGREE from VHRR data in 1976-1978) persisted from July to September 
between 5® and 10®W. DICKSON et al. Presented observations in May and June 1979 
obtained from AVHRR data, in which the band of cold water followed the edge of 
the continental shelf from the south of Ireland (11®W) to the south of Britta- 
ny (4®W) . The explanation for this phenomenon that appears as an upwelling re- 
mains uncertain. Based on the works of KILLWORTH (1978), DICKSON advances the 
hypothesis of an interaction between Kelvin waves and the shelf break, an inte- 
raction which is intensified by the presence of canyons. The theory proposed 
by KILLWORTH supposes winds dominate from the northwest, blowing parallel to 
the slope. HEAPS (1980) suggests an upwelling generated at the shelf break when 
winds dominate from the southwest. Note, however, that satellite observations 
generally correspond to a cloudfree situation associated with an anticyclone 
high over the Bay of Biscay and the British Isles, and that the resulting winds 
were frequently from the east. This is contrary to the preceeding theory unless 
one admits to a shift of a few days between meteorological forcing and the 
response of the sea. 

During the period May 1978-1979, 10 HCMR images focussed on the edge of 
the continental shelf. These permitted a pinpointing of phenomena and enabled 
the following observations to be made. 

1) The well established band of cold water corresponds to the local destruc- 
tion of the thermocline iinder the action of a mixing process linked to the 
presence of the shelf limit. This band appears in May-JUne at the onset df 
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summer when the thermocllne is formed, and disappears in the autumn (October) 
when the stratification is destroyed. 

2) The phenomenon is more intense after spring tides, (Fig. 12-a from 25 August 
1978, and Fig. 12-c from 21 September 1978), whereas during the period of neap 
tides, the band of cold water appears as a more diffuse feature (Fig. 12-b 
from 13 September 1978) . The physical process provoking this upwelling of cold 
water has a possible a relation to the interaction of tidal waves with the edge 
of the shelf. 

3) One can follow an evolution of phenomena during the course of the summer.* 
Early in the season (a period of weak stratification) a narrow band of cold 
water (several lOths of km) was observed on the edge of the armorican and cel- 
tic shelves from south of Ireland to 46 ®N - 4®W in the Bay of Biscay. At the 
end of the summer (a period of strong stratification) the band of water had 
expanded and was particularly Intense between 5 and 9‘’W though not discernable 
on the segment oriented NW-SW at the edge of the shelf from 49 °N - 11 ®W to 

46 °N - 4®W. The observations of 25 August and 21 September 1978 are typical 
of this. Both were obtained near the close of the sping tide period. The 
zones of more intense phenomena which correspond to the colder water are lo- 
cated in precisely the same regions for both documents. It is worth emphasi- 
zing that the part of the shelf edge between 5 and 9‘’W coincides whith the 
segment where the slope of the shelf break is larger (it varies between 0.05 
and 0.1, whereas in the region farther north, the slope is less than 0.03) 
and where the tidal currents are stronger (1.5 knot during spring tide). 

This group of observations indicates a direct correlation between the pre- 
sence of cold water along the edge of the continental shelf and the junplitude 
of the tidal current. MAZE (1980) has shown that the passage of a barotropic 
tide over the slope can generate an internal baroclinic wave (elevation of 
the thermocline) of an amplitude of the same order as the depth of the ther- 
mocline, thereby suggesting an expl£mation for the appearance of cold water 
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at the surface. The amplitude of the Internal wave is Increased by the speed 
of the current and the inclination of the shelf break. The appearance of cold 
water is restricted to the sunimer> i.e. when the thermocline is pronounced, 
and to areas where the strongest currents and steepest slopes are encountered, 
as in the situation along the coast of Brittany. The observation of 25 August 
1978 shows clearly a complex system of internal waves of wavelengths approxi- 
mating 50 km which correspond to those of internal waves (c^ * 1 m s'S having a 
tidal period. The stationary regitae of the internal waves is occasionally vi- 
sible between the south of Brittany and the shelf break where it seems to be 
in resonnance within the limited conditions constituted by the shape of the 
basin. 

On one occasion observed in the winter (Fig. 12-e from 16 January 1979} 
a band of warm water along the slope was shown extending very shoreward into 
the Bay of Biscay. In the location of the cold upwelling usually present off 
northwest coast of the iberian peninsula, warm water is also observed, having 
the appearance of a warm upwelling. It is difficult to attribute the phenomenon 
to the resurfacing of Mediterranean water because its depth is on .the order 
of 1000 m. The hypothesis of a mechanism of advection linked to wind induced 
circulation in the Bay of Biscay can be equally advanced. This would imply 
current values (on the order of 1 m. s S established over an extended time 
(on the order of a week) . 

C - CCXDLING ON THE CONTINENTAL SHELF DURING THE AUTUMN PERIOD 

Starting in September, the surface layer begins to cool and become homo- 
geneous to progressively greater depths. The mechanism is more rapid and abrupt 
in shallow areas, such as coastal zones (h < 20 m) . At the end of September, 
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cold water that began to appear at eeveral localized points along the sou- 
thern coast of Brittany to Gironde (Fig. 12-c) , had, by the end of October, 
formed a continuous coastal band extending to the 50 m Isobath (Fig. 12-d) . 

Note that when the thermocllne Is In complete erosion, cold water spans the 
entire shelf and extends seaward as successive Intrusions with the charac- ^ 

terlstlc scale of 20-50 km. ^servatlons In the winter period of 16 January 
and 27 February 1979 (Pig. 12-e and 12-f) show a persistant band of cold ho- 
mogeneous coastal water that extended to the 100 m isobath forming a distinct 
front of several *C, south of Brittany. 

ZONE 3 

. A - NORTH BALEARIC FRONT 

Figs 15-a, 15-b and 15-c provide observations of the north balearlc 
front on 11, 16 July and 12 August 1978. This front results fro'3 circulating 
waters in the western Mediterranean which are characterized by a substantial 
surface current (LACOMBE and TCHERNIA, 1972) (extending to a depth of approxi- 
matively 150 m) of atlantic water and which flows eastward along the algerian 
coast in leaving the alboran Sea (Fig. 16). West of Algeria, the current stems ♦ 
and divides into 2 branches ; 

M 

- One continues in the eastward direction along the african coast to the strait 
of Sicily where it penetrates into the eastern Mediterranean. 

- The other curves northeast, merges with the Ligurian current, and follows 
along the southern coast of France and Spain. This circulation foirms two cy- 
clonic rings, one in the Ligurian Sea and another trapped around Balearic 
Islands which generates the north balearic front. 
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In Fig. 15-ai 15-b and IS-c, one can detect two major oscillations in the 
front ; the first along the coast of Spain around 4*30* E and the second around 
S^E and 42 ®N. The average position of the front during the summer of 1978 can 
be seen in Fig. 17. Note the southward displacement at 7°Ei from May to August 
which can be related to wind action dominating from the NW that produces upwel- 
lings along the coast of Gulf of Lions and entrains the circulation to the 
south (MILLOT and WALD, 1981). 

Aside from this general form, the north balearic front Induces small 
scale meanders (typically 10-20 km) in response to baroclinic instability in 
the frontal zone (radius of deformations ; several km) . Equally notable is an 
anticyclonic ring near the coast of the french-spanish border, which corres- 
ponds to the deviation of the Ligurian current by the Cape of Creux. 

B - LARGE SCALE EDDIES OFFSHORE THE ALGERIAN COAST 


On the observations of 11, 16 and 21 July (Fig. 15-a, 15-b and 15-c) , 
two large anticyclonic eddies, having dimensions approximating 100 km, are 
clearly visible. They are practically stationary and centered at 38“ N - 7®E. 

A weak propagation E - NE is noted. These eddies are revealed by the entrain- 
ment of colder water derived either from upwelllng on the algerian coast (cape 
Bougaroun) or by cold water flowing along the Sardinian coast. Although they 
have been systematically observed by satellite photos during the summer period, 
their origin still remains unclear. They could be linked to experiments made 
in a rotating tank (GRIFFITHS and LINDEN, 1981) in which similar undulations 
were attributed to a combination of faarotropic and baroclinic instabilities. 
The horizontal scale L (100 km) , of the ocean eddy is in partial agreement 
with the theory of baroclinic instability : 
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with R„, the radius of deformation : 

H 

Rjj - I (gh a 20 km 

where H =* 150 m is the depth of the surface layer of the atlantic water > 

^ ~ 3.10 is the relative difference in density between the surface water 

P 

-4 -1 

and deep water ; f - 0.9(10 ) s is the Coriolis parameter at the latitude 

in consideration j and g is acceleration due to gravity. Fig. 15-c of 21 July 
seems to support the following. From eddies forming along the algerlan coast 
at 3°B, there seems to be an amplification developing into rings from 5°E. 
Elsewherei between 5°E and 9°E> anticyclonlc eddies seem to Induce smaller 
cyclonic rings along the algerian coast. 

The observation of 16 July reveals a remarkable phenomenon between 
Balearic and Sardinia Islands around 40°N. The surface temperature field 
is very inhomogeneous. Structures more or less organized in bands 5 to 10 km 
wide give the surface temperature field a filamentioUs appearance for which 
the following explanation is proposed. From 5-8 July, a violent wind from 
the northwest, the Mistral, blew on the Gulf of Lions, entraining the thrust 
of the north Balearic front toward the south (particularly pronounced on the 
image of 11 July) . Then just prior to 16 July, the winds were extremely weak 

m 

resulting in minimum surface agitation and the cold water entrained southward 
to 40° N mixed with atlantic surface water in a series of warm and cold pockets, 
elongating in the direction of the current. During such a period, the direc- 
tion of warm and cold fingers of water can be considered as an indication of 
the direction of the surface currents ; this being equally evident in the 
region of the large scale eddies on 16 July (38° N). 



G - THE LIGURIAN CURRENT AND UPWELLINGS IN THE GULF OF LIONS 


The situation in the liguro-provencal basin is well illustrated in 
Pig. 15-e, 12 August 1978. A cold water mass is located in the center of 
the basin bounding by a contrastingly warm water circulation that follows 
along the coast of Corsica, Italy and France (WALD and NIHOUS, 1980) . The 
interface between the central water* and the coastal current exhibits a series 
of deformations having an 2 mticyclonic tendency and wavelengths of 'V 50 km, 
particularly in the northern portion. This process has been outlined by CREPON 
et al. (1980) , and is analogous to deformations in the polar front of the at- 
mosphere and due to a phenomenon of baroclind/r' instability. 

After flowing along the french coast, the Ligurian current penetrates 
into the Gulf of Lions, where it encounters coastal summer upwellings pro- 
duced by strong gusts of winds from north (Mistral) and west (Tramontane) 

(Fig. 15-d, of 22 July and 15-e, of 12 August 1978) . The image of July 22 
gives a clear view of the extent of these upwellings created by the strong 

winds of the preceding days (17-21 July). Colder water appeared on the coast 
in diverse locations ( MILLOT, 1979) ; cape of Adge, mouth of the Rhone, 

cape Sicid and, in spreading seaward , was deflected to the right of the wind 
as a consequence of Coriolis acceleration. 

The southward expansion of the cold upwelling extends to 100 km south 
of Marseille and is an important feature. The LANDSAT image of September 1976 
(Fig. 18) confirms the mechanism that at the time of the upwelling, coastal 
sediments were entrained offshore at the cape of Adge and tended to describe 
an anticyclonic circuit. Only the western border of the upwelling generated 
at the mouth of the Rlione, is visible, but significant entrainment of suspen- 
ded material farther south is apparent. 

These phenomena have been numerically modelled by fiUA and THOMASSET (1982) , 
and good agreement has been obtained between the satellite observations and 
the results of the model. 
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Followin 9 f releaie from the upwalllng^ tha Ligurian currant flowa along 
tha slopa of the continantal oholf of tha Gulf of Lions and entrains towards 
the southwest those masses of cold water upwelled east of Marseilles <Fig. i9, 
for 12 August 1978) . 

5 - IMPORTANT DIURNAL HEATING DETECTED BY THE HCMR IN CONDITIONS OF WEAK WINDS 

During the period extending from May 1978 to August 1976 ^ a large amount 
of data acquired daily on the Mediterranean by the HCMR revealed marine zones 
of similar spatial structures in both visible and thermal Infrared channels. 
Pig. 20 shows an example of these features ; one located in the area between 
Corsica and the southern coast of France, and the other in the area near the 
eastern coasts of Corsica and Sardinia. One observes higher temperatures in 
the infrared channel (Fig. 20-b) and at the same time, important changes in 
the reflectance in the visible channel (Fig. 20-a) . These structures have 
been identified as significant heating of several degrees, of the first few 
centimeters of the surface layer during periods of weak wind (DESCHAMPS and 
FROUIN, 1982). 

The changes in reflectance observed in the visible channel are interpreted 
as variations in "glitter*', -i.e. in the specular reflection of direct solar 
radiation of the agitated sea surface. During the period around the summer 
solstice, the geometric conditions of observation were favorable for the de- 
tection of glitter phenomenon in the western portion of the scenes. Glitter 
is usually pronounced when the sea is relatively calm, and a maximum in re- 
flectance occurs when the direction of satellite observation is near that of 
the specular reflection of the sunlight. One such patch of nnlform brightness 
is noticeable in southwestern portion of Fig. 20-a. In the case of a very calm 
sea, the reflection of the surface becomes almost specular and a reduction of 
reflectance can usually be noted, because it is very improbable that the angle 
of the satellite observation would be aligned exactly in the direction of the 
specular reflection. 

Fig. 20-a illustrates this reduction in reflection ; two phenomena are 
presented with the more or less brilliant areas corresponding respectively to 
weak and zero winds. The fact that the change in sea surface agitation can 
produce an increase or reduction of the observed reflectance has already been 
raentionned by Me CLAIM and STRONG (1969), and LA VIOLETTE et al. (1980). 



When the surface agitation due to wind stress decreases, the heating 
of the surface 3,ayer Increases (BASSE, 1971). In the absence of wind, the 
gain In temperature Is almost entirely determined by the local absorption 
of solar radiation. The effect is that the dlffusivlty in the upper layer 
tends towards the limit value given by the thermal molecular dlffusivlty 
which, on a scale of several hours, is insufficient for distributing the 
heat to deeper layers. Thus one can observe substantial diurnal heating 
of several degrees in the surface layer. 

The meteorological observations (Fig. 20-d) are in good agreement 
with the fact that the zones of weak winds correspond to zones of weak re- 
flectance and strong diurnal heating. 

Radiative cooling during the night rapidly destroys most of the diurnal 
heating at least in the upper surface layer. The evidence of diurnal heating 
can then be established by making a comparative analysis of successive day/ 
night observations Pig. 20-c gives the difference between day and night 
temperatures at 12-hour interval, corresponding to the day time image shown 
in Pig. 20-b and furnished by NASA : the warm anomalies are always present 
yet very well correlated to variations in reflectance in the visible channel. 

From May 1978 to August 1978, approximatively 60 images were obtained 
on the western Mediterranean, among 34 of which it has been possible to iden- 
tify several marine regions showing significant diurnal heating of more than 
1®C and involving surface areas of dimensions ranging from 10 to 100 km. The 
frequency of these events is therefore of consequence in the Mediterranaan . 
Diurnal heating seems much weaker in the near Atlantic and the North Sea 
where the authors have been able to observe only one scene possessing this 
phenomenon. Because regions such as the Mediterranean can be strongly affec- 
ted by diurnal heating, the measurement of the sea surface temperature field 
obtained by daytime satellite observation may be without any oceanographic 
significance and should be restricted to night or early morning when the sur- 
face layer is more homogeneous. 

6 - CONCLUSIONS 

In this study, photographic products and numerical data provided by the 
HCMM experiment have been systematically utilized. Two types of conclusions 
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can be drawn from this. The first bears on the adequacy of the experiment 
itself and the pictorial documents provided for the aiiq of the research : 
observation of the sea surface temperature field. The other conclusions put 
in evidence some results of oceanographic interest. 

The comparison of the radiometric x^erformances (product of ground re- 
solution by resolution In temperature, NEDT) between the HCMR and the VHRR 
indicates a gain by a factor of 7 in favor of the HCMR, a gain similar to 
that of the AVHRR which makes them comparable for selected operations. This 
gain is decisive and essential for observation of mesoscale structures (10- 
100 km) in the ocean. Evidence has been provided as much by the study of the 
spatial spectrum of temperature variance density as by certain original obser- 
vations which can be found in section 4 (large scale eddies in the western 
Mediterranean) . 

The photographic products provided by NASA, already geometrically correc- 
ted and enhanced in the sea surface temperature range, greatly facilitated the 
interpretation of the data obtained. It avoided heavy computer treatment 
that is necessary with certain meteorological satellites (data of the VHRR and 
AVHRR) . It also greatly improved the amount and quality of possible interpre- 
tations through an economy of means and by facilitating a more rapid and wider 
dissemination to the community of involved and interested oceanographers. A 
similar treatment of AVHRR data, furnishing operational items of similar pho- 
tographic products corresponding to the needs of oceanographers, would cer- 
tainly enable the use of satellite data complementary to in-situ measurements, 
to progress more rapidly. 

Even though the HCMR and AVHRR have potentially comparable radiometric 
performances, the AVHRR of TIROS-N and NOAA-6 has certain advantages : increa- 
sed repetitivity that is essential for eliminating the effect of cloud covera- 
ge, correction of atmospheric emission by means of a channel centered at 3.7ym, 
and operational character of the experiment until the mid 80 's. 

The analysis of the HCMR photographic products has permitted conclusions 
to be drawn on several aspects of oceanography : 

- the influence of the residual current, as it passes through the Dover Strait, 
on the thermal effluent of the Rhine, and the rather broad offshore diffusion 
of the effluent associated with winds from the northeast or west which respec- 
tively retard or accelerate the residual current. 
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- the analysis of Images obtained revealing the presence of cold water In the 
summer along the edge of the continental shelf to the west of Brltanny firmly 
supporting the hypothesis of an upwelllng mechanism produced by the action of 
tidal currents over the slope of the shelf break/ 

- the detection of large scale eddy stinictures (100 km) In the western Medi- 
terranean around 6 E - 38* N during the summer, probably due to a phenomenon 
of Instability of the baroclinic - barotropic type, 

- the frequent appearance of significant diurnal surface heating (several °C) 
linked to weak winds in the Mediterranean, that should lead one to use with 
caution the daytime observations of the summer season. 

The results presented here reflect upon a fairly restricted period : 

May 1978 to May 1979. It is evident that in the coming years, the infrared 
images of the AVHRR satellite will continue to be of broad interest to the 
oceanographic community by offering systematic and repetitive observations 
and by, for example, filtering cloud cover for the study of temporal changes 
in ocean-atmosphere phenomena. 
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1 . - Satellite observations in the thermal infrared of the Bay 5 

of Biscay region around 45“N and 4°30'W (a) by the VHRR, 10 May [ 

1978 at 8h TU and (b) by the HCMR, 11 May 1978 at 2h TU. Each grey « 
shade corresponds to (a) 0,1 ‘’C and (b) 0,3®C. In the center of I 

these images one notes the presence of an eddy approximating 50 km I 
in diameter, basely visible on the VHRR image due tho instrumental 
noise get clearly distinguishable on the HCMR image. 

2. - Density spectrum of variance of the surface temperature field \ 

for the same region (64 x 64 km") in the Bay of Biscay obtained I 

from HCMR and VHRR data. The direction of analysis corresponds to f 

h 

that of the satellite track. | 

I 

I 

3 . - Satellite observations in the thermal infrared of the Bay of ^ 
Biscay 17 July 1979 (a) by the HCMR at 12h45 TU and (b) by the 
AVHRR at lShl5 TU . Each grey stade corresponds to (a) 0,2°C and 

(b) 0,1®C. One notice the presence of a large eddy structure appro- 
ximately 300 km wide. 

4 . - Density spectrum of variance of the surface temperature field 
for the same region (64 x 64 km^) in the Bay of Biscay obtained 
respectively from HCMR and AVHRR data. The direction of analysis 
corresponds to that of the satellite track. 

5 . - French oceanic regions ; southern portion of the north sea 
(zone 1 ), the British Channel, the Celtic sea, and Bay of Biscay 
(zone 2), the north-western mediterranean (zone 3) - 

6. - HCMM observations of the thermal effluent of the Rhine-Meuse- 

Escaut system during the summer season. Significant offshose dif- 
fusion on images (a), (b), (e) and (f) (A-A 0022-12470, i 

A-A 0034 - 13110 , A-A 0054-12470 and A-A 0055-02030), effluent | 

abutting the coast on images (c) and (d) (A-A 0039-13050 and I 

a-a 0044 - 12570 ) , I 

7 . - HCMR observation A-A 0263-01320 of thermal effluent of the I 
Rhine-Meuse-Escaut system during the winter reason (14 January 1979 J 
at 2 h TU) . The southern position of the effluent flov\rs toward the ji 
southewast forming a diffuse, wedge-shaped plume along the Belgium 
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8. - Residual circulation in the southern position of the north 
sea, according to NIHOUL and RONDAY (1975). Stream lines in 

10"^ rn^s ' 

9. -• landsat image of 12 June 1975 showing the transport of 
sediment (clear shades) from the Meuse-Escaut system toward the 
southwest along the belgian coast. 

10. - Value of the SIMPSON-HUNTER parameter, S, in the southern 
portion of the North Sea : (a) according to the model of PINGREE 
and GRIFFITHS (1978), and (b) according to the model of NIHOUL 
( 1980 ). The S values greater than 2 correspond to a stratifield 
medium; value less than 1 , to a homogeneous medium; and values 
of 1.5 to a system in transition where thermal fronts can be 
encountered . 

11. - Mean wind speed and direction on the surface in the southern 
position of the North Sea for the periods of (a) 8-31 May 1978, 
and (b) 1-20 June 1978. 

12. a - HCMM observation A-A 0121-13260 in the thermal infrared 
channel for 25 August 1978 at 13h26 TU. Tidal fronts at the 
entrance of the Manche. Relatively cold water at the shelf break 
and offshore of Brittany. 

12. b - HCMM observation A-A 0142-13190 in the thermal infrared 
channel for 15 September 1978 at I3hl9 TU • Following a period of 
weak tidal coefficients, the band of cold water at shelf break and 
offshore Brittany is less distinct. 

12.C - HCMM observation A-A 0148-13320 in the thermal infrared 
channel for 21 September 1978 at 13h31 TU . Tidal fronts at the 
entrance of the Manche, near Cape of Cornwalls, and between Ireland 
and England. Relatively cold water at the shelf break offshore of 
Brittany, Upwelling along the coast of Spain. 

12. d - HCMM observation A-A OI 85 -I 318 O in the thermal infrared 
channel for 28 October 1978 at 13hl8 TU. Cooling on the continental 
shelf in the autumn season. Note the characteristic structure cor- 
responding to turbulent offshore diffusion of cold coastal Avater . 
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12, e - HCMM observation A-A 0265-02090 in the thermal intrared 
channel for 14 January 1979 at 2h09 TU. Relatively warm water at 
the limit of the continental shelf southeast of Brittany, in the 
Bay of Biscay along the coast of Spain, 

12. f - HCMM observation A-A 0307-01530 in the thermal infrared 
channel for 21 February 1979 at 1 h 53 TU. Note the band of cold 
water along the french coast. 

13*- Tidal fronts in the summer season at the entrance of the 
Manche and in the Celtic Sea as predicted by the models of (a) 
FEARNHEAD (1975) and (b) PINGREE and GRIFFITHS (1978). 

14. - Evolution of the tidal front position at the entrance of 
the British Channel during the period of May through September 
1978 , deduced by HCMR observations. 

15 . a - HCMM observation A-A 0076-01590 in the thermal infrared 
channel for 11 July 1978 at lh59TU. North Balearic front. Large 
scale eddies offshore of the african coast. 

15 . b - HCMM observation A-A OO 8 I-OI 5 IO in the thermal infrared 
channel for 16 July 1978 at lh51 TU . Apart from the large scale 
eddies offshore of the Algerian coast, note the irregularity of 
the surface temperature field between Baleares and Sardinia. 

15 . c - HCMM observation A-A 0086-01450 in the thermal infrared 
channel for 21 July 1978 at lh45 TU. Eddies forming along the 
Algerian coast and expanding toward the coast . 

15 . d - HCMM observation A-A 0087-02020 in the thermal infrared 
channel for 22 July 1978 at 2h02TU. Coastal upwelling in the 
Gulf of Lion . 

15 -e - HCMM observation A-A OIO 8 -OI 5 IO in the thermal infrared 
channel for 12 August 1978 at 2h 02 TU, Coastal upwelling in the 
Gulf of Lion. Liguro-Proven 9 al Current. 

16 . - Summer surface circulation in the Mediterranean, according 
to LACOMBE and TCHERNIA (1972). 
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17*- Seasonal positions of the North Balearic front during 
the summer of 1978. 

1 8 . - LANDSAT image of September 1976. Upwellings in the Gulf 
of Lion. Coastal sediments entrained offshore and very much to 
the south in the case of the upwelling produced at the mouth of 
the Rhone . 

19 . - Diagram illustrating the situation on 12 August 1978 

(Fig. 15 .c). After driving various masses of cold upwelling liguria 
water the progression of the current is interrupted by a later 
upwelling released near the Cape of Sicily. 

20. - Diurnal heating in the western Mediterranean (a) HCMM obser- 
vation A-A 0038-12440 in the visible channel on 3 June 1978 at 
12h44 TU. Note bright patches (high reflectance) to the coast and 
west of Corsica and Sardinia, (b) idem (a), but in the thermal 
infrared channel. Note the warmer water to the east and west of 
Corsica and Sardinia, (c) Day/night temperature difference from 
HCMM observations obtained on 3 June 1978 at 1 hSO TU (night) 

(A-A 0038 - 01500 ) and 12h44 TU (day). The darker shades correspond 
to cooler diurnal temperatures, (d) Meteorological situation on 
3 June 1978 at 12 h TU. 

21. - Diurnal heating in the North Sea. (a) HCMM observation 
A-A OO 34 -I 312 O in the thermal infrared channel on 30 May 1978 at 
13hl0 TU. Note the warm patch east of Scotland in the center of 
the dark (cold) field, (b) HCMM observation A-A 0035-02280 in 
the thermal infrared channel on 31 May 1978 at 2 h 30 TU . The warm 
patch has disappeared during the night, (c) Meteorological situa- 
tion on 30 May 1978 at 12hTU. 
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Table 1 - Performances of the different radiometers on board the 


satellites 


VHRR/NOAA 

AVHRR /TIROS-N 

/noAA-6 

HCMR/HOfM 


NEDT (300 K) ^ound Resolution Repetitivitv 
0.5 to IK 1 Km 2/day 

1 4/day 

0.5 1/day 
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1. - Satellite observations in tlie thermal infrared of the May 
of Biscay region around 45"^l •"'nd 4®30'W (a) by the VIIKK, 10 May 
1978 at 8li TU and (b) by the IICMR , 11 May 197 8 at 2h TU . Each grey 

shade corresponds to (a) 0,1 "C and (b) 0,3“C. In the center of 
these images one notes the presence of an eddy approximating SO km 
in diameter, basely visible on the VHRR image due tho instrumental 
noise get clearly distinguishable on the IICMR image. 
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2. - Density spectrum of variance of the surface temperature field 
for the same region (64 x 64 km^) in the Day of Biscay obtained 
from UCMR and VIIRR data. The direction of analysis corresponds bo 
that of the satellite brack. 
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3. - Satellite observations in the tliermal infrared of the hay of 
Biscay 17 July 1979 (a) by the IICMR at 12h45 Tb and (b) by tlie 
AVIIRR at 15h 15 TU . Eacli «rey stade corresporuls to (a) 0,2°C and 
(b) 0,1“C. One notice the presence of a large eddy structure appro- 
ximately 300 km wide. 



4 . - Density spectrum of variance of the surface temperature field 
for the same region (64 x 64 km^) in tlie Bay of Biscay obtained 
respectively from IICMR and AVHRR data. The direction of analysis 
corresponds to that of the satellite track. 
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6. (a), (b) ~ HQH observations A-A 0022-12470 (a) and A-A 0034-13110 (b) of 
the theanal effluent of the Rhine-Meuse-Esoaut system during the sunmer 
son. SigaiCSBar.t offshore diffxision. 


sea- 
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6. (c) , (d) - c±)servations A-A 0039-13050 (c) cind A-A 0044-12570 (d) of 
the thermal effluent of the Phine-Meuse-Escaut system during the surmer sea- 
son. Effluent abutting the cxast. 







6. (e) , (f) - HCJtl obsexvations A-A 0054-12470 (e) and A-A 0055-02030 (f) of 
the thermal effluent of the Rhine-Meuse-Escaut system during the surtmer sea- 
son. Significeint offshore diffusion. 
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7 - IICMR observation A-A 0263-01320 of thermal effluent of the 

Rhine-Meuse-Escant system cluriuB the winter reason (U January 7 

at 2h TU). The southern position of the effluent flows toward 

r • Hi f fuse wedee* shaped plume alone the beleium 

soutlievAast formin« a diftuse, wenpe » 


coast, . 


Residual circulation in the southern position of the north 
according to NIHOUL and RONDAY ( 1975 )* Stream lines in 








toward the 
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10.- Value of the SIMI’SON-lIUNTER parameter, S, in the southern 
portion oC the Nortii Sea : (a) according to the model of PINGREE 
and GRIFFITHS (1978), and (b) according to the model of NIIIOUL ^ 

( 1980 ). The S values greater than 2 correspond to a stratificld J 

medium; value less than 1', to a homogeneous medium; and values j 

of 1.5 to a system in transition whore thermal fronts can be j| 

encountered , “ | 












12. a - IICMM observation A-A 0121-13260 in the thermal infrared 
channel for 25 Auffust 1Q78 at 13^26 TU. Tidal fronts at the 
entrance of the Manche. Relatively cold water at the shelf break 
and offshore of Brittany. 
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12 . b - HCMM observation A-A 0142-131*^0 in the thermal infr.ared 
channel for 1$ September 1978 at 13 hl 0 TU . Following; a poried of 
weak tidal coefficients, the band of cold water at shelf break and 
offshore Brittany is less distinct. 


®WCK A °o 

PHOrOGRAPH 




)RIGINAL PAGE IS 
>F POOR QUALITY 



12. c - HCMM observation A-A 0148-13320 in the thermal infrar’cd 
channel for 21 September 1978 at 13I>31 TU . Tidal fronts at the 
entrance of the Manclie, near Cape of Cornwalls, and between Ireland 
and England. Relatively cold water at the shelf break offshore of 




ORIGINAL PAGET 

BLACK AND WHITE PHOTOGRAPH 



12. d - HCMM observation A-A 0l85-13l80 in tlie thermal infrared 
channel for 28 October 197S at 13bl8 TU . Cooling on the continental 
slielf in the autumn season. Note the characteristic structure cor- 
responding to turbulent offshore diffusion of cold coastal water. 





12. e - HCMM observation A-A 0265-02090 in the thermal infrared 
channel for 14 January 1979 tit 2h09 TU . Relatively warm water at 
the limit of the continental shelf southeast of Brittany, in the 
Bay of Biscay along tlie coast of Spain 
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12. f - IICMM observation A-A 0307-01530 in the thermal infrared 
channel for 21 Feliruary 1P79 at 1 h 53 TU. Note the band of cold 
water along the french coast. 
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13 .- Tidal fronts in the summer season at the entrance of the 
Manche and in the Celtic Sea as predicted by the models of (a) 
FEARNllEAD (1975) and (b) PINGREE and GRIFFITHS (1978). 
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15 . a - MCMM observation A-,\ 0076-01590 in the thermal infrared 
channel for 11 July 1978 at lli59 1U. North Balearic front. I.arpc 







15.b - IICMM observation A-A OO 8 I-OI 5 IO in the thermal infrared 
channel for I 6 July 1978 at IhSl TU . Apart from the laree scale 
eddies offshore of the Algerian coast, note the irregularity of 
the surface temperiit ure ficltl between Baleares and Sardinia. 
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15*c - IICMM observation A-A 0086-01450 in the thermal infrared 
channel for 21 July 1978 at 1 h45 TU. Eddies forming along the 
Algerian coast and expanding toward the coast. 
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IS.e - MCMM observation A-A 0108-01 5*0 in the thermal infrared 
channel for 12 August 1078 at 2h 02 TU . Coastal upwclling in the 
Gulf of Lion. Liguro-Proven<;a 1 Current. 







17*- Seasonal positions of the North Balearic front during 
the summer of 1978. 
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l8.“ LANDSAT imacc of September 1076. Upwcllint».s in the Gulf 
of Lion. Coastal sediments entrained offshore and very much to 
the south in the case of the iipwellini; produced at the mouth of 
the Rhone . 


Previous Upwelllng 
Present Upwelllng 


Fig .19 


19.- Diagram illuscrabing the situation on 12 August I978 
(Fig. 15 *0). After driving various masses of cold upwelling liguria 
water the progression of the current is interrupted by a later 
upwelling released near the Cape of Sicily. 








lU'MM oh.-.«M va« ion 00.^8-12440 in Hi.* visible rhannol 

on .Innr l‘)7S .it 12 11.44 Tl' . Noto hriubt patciws (higb 
r»«t' I ort .inn* 1 to t h«* co.ist .ind wost of Corsic.i and Sal•- 
d i n i a . 
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but in th»* tlu*rmal infrared channel. Note the 


d i n i a 






: Dny/Night temperature difference from HCMM observations 
obtained on 3 June 1078 at 1 H.50 TH (night) (A-A OO38- 
01*500) and la. H.44 TU (day). The darker shades corres- 
p*)nd to cooler diurnal temperatures. 
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ABSTRACT 

Satellite infrared data have been used to investigate the mesoscale variability of the SST (sea surface 
temperature) field. A statistical analy.sis of the SST field has been performed by means of the structure 
function, Results give the equivalent powerdaw exponent n of the spatial variance density spectrum 
E(k) ~ k"". The exponent n was found to vary from 1,5 to 2,3 with a mean value of 1.8 in the range of 
scales 3-100 km which is in agreement with previous one>dimensional analysis from shipborne and air* 
borne measurements. These observed values of n are discussed and compared with the vUues predicted 
by turbulence theories. 


1. Introduction 

Present-day satellite infrared radiometers permit 
the determination of the mesoscale SST (sea surface 
temperature) field on an operational basis thanks to 
their improved radiometric performances, which 
typically are of a few tenths of "C for a nadir resolu- 
tion of 1 km-. This gives a potential tool for a sys- 
tematic investigation of mesoscale thermal features 
such as thermal fronts, eddies and plumes which 
have been already observed and studied by means of 
IR pictures or derived SST maps. In addition to these 
observable features, a part of the SST field must 
be considered as random and containing some other 
information which can only be retrieved by a statis- 
tical analysis — e.g. , the spectral density of variance. 

Attempts to compute the spatial spectrum of the 
SST have previously been made by McLeish (1970), 
Saunders (1972a) and Holladay and O'Brien (1975), 
from airborne infrared measurements along an air- 
craft track. Examples of mesoscale spectra have also 
been determined from shipborne measurements 
(Voorhis and Perkins, 1966; Fieu,\ et ah, 1978). 
Satellite observations give a unique opportunity to 
investigate the mesoscale variability of the SST field, 
down to scales of 1 km, at any given time, with a 
frequency which is limited only by the cloud cover. 
In the present study, we intend to demonstrate the 
feasabiiity of using satellite data to obtain statistical 
parameters of the mesoscale SST field. 

2. Statistical analysis of the SST field 

Studies of the variability of the temperature (or 
any scalar) field usually make extensive use of spec- 


tral methods, i,e,, the computation of the density 
spectrum of the scalar variance by means of Fourier 
transformation or autocorrelation function, to obtain 
a typical power law which characterizes the vari- 
ability of the temperature field and which can be 
related to turbulence theories. In the present study, 
the structure function has been employed in order to 
more accurately determine the power-law exponent 
In the presence of the large noise level found in 
satellite infrared data. 

a. Stnictiire function 

If the SST field is considered as being an isotropic 
random process with homogeneous increments (at 
least locally), the structure function can be com- 
puted as 

Drr(lt) = +h) - T{x)V, (D 

where T(.r) is the temperature at .r. It the spatial 
scale, and an overbar denotes an average operator. 
In the following, k denotes the wavenumber of the 
form k = It "K 

The main advantage of the structure function D{li) 
when compared with the spectrum of the variance 
density E(k) or with the autocorrelation function 
is that its experimental determination is more 
accurate and much less affected by random varia- 
tions because only increments are taken into account 
(Panchev, 1971). An example is given in Fig, 1 where 
both Er{k) and Drrih) have been computed and are 
shown for the same sample of the SST field, meas- 
ured by the AVHRR (Advanced Very High-Resolu- 
tion Radiometer) experiment on board theTIROS-N 
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SCALE h in km 

Fig. 1. Comparison between the (al density of temperature 
variance EM) and (b) the structure function DttOi), computed 
from AVHRR data, 17 July 1979, ov«r the Bay of Biscay 
(45'30'N, 4°30'W). The dashed line indicates the radiometer 
noise level. 


satellite. This example shows clearly that the struc- 
ture function is more regular than the spectrum, 
allowing an easier determination of the characteristic 
parameters, e.g., the power-law exponent given by 
the slope when using logarithmic coordinates. 

✓ 

b. Interpretation of the structure function 

/ 

The structure function D{h) represents the statis- 
tical influence of a point upon other points at distance 
h. For a homogeneous and isotropic random proc- 
ess, D{h) and 5(/i) are linked by 


of each other, D{h) may thus be related to E{k) 
(Panchev, 1971); 

D(h) « [ (1 - cos2irkh)E{k)dk, (3) 

Jo 

for a one-dimensional analysis. 

In the inertial range, the spectrum is usually char- 
acterized by 

£(k) ~ k-\ (4) 

From (3), it can be shown that the structure function 
may then be written as 

D(/0~/r^ (5) 

wher\'\ 

ri “ /> + 1 (6) 

when /I > 1 in order to respect the convergence of 
the integral (3) at small scales. The exponent/t of the 
spectral density thus can be alternately determined 
from the structure function Using (6), if the field Under 
study is homogeneous. 

Two kinds of error may affect the satellite-based 
determination of the SST field — instrumental data 
noise and atmospheric effects. 

Although the structure function has the advantage 
of being much more regular than the spectrum, the 
study of the structure function and of its shape is 
generally limited by the noise level at the smallest 
scales. This effect is illustrated in Fig. lb, where 
the observed slope giving the power law exponent 
of the structure function decreases from ~ 1 at large 
scales to zero at the smallest scales. 

In the particular case of random fluctuations due 
to an instrumental white noise, both the spectral 
density and the structure function reduce to con- 
stants £„ and D„, with E„ = a-n/k,), = cr„, where 

cr„ is the noise variance and ko the upper wavenum- 
ber limit of the spectral analysis. This noise con- 
stant adds to the actual structure function of the 
SST, which restricts the exponent determination at 
the largest scales where the noise constant may be 
neglected [D„ < £>(/i)]. When necessary, a suitable 
spatial smoothing may reduce the noise, with a cor- 
responding degradation of the ground resolution. 

Smoothing also introduces a bias in the determina- 
tion of the structure function. If£)f(/i) is the struc- 
ture function of the smoothed held, and Q is the 
convolution square of the smoothing function F it 
may be shown (Matheron, 1970), that 

P,(/i) = D*Q-A, (7) 

where * is the convolution operator and A is a con- 
stant, i.e.. 


D(h) = [fl(0) - am- ' (2) 

As fl(/i) and £(A) are the Fourier transformations 


A = 


+X 


D(u)Q{u)du. 


( 8 ) 
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When F is the spatial average in a square of side n, 
A » D(o)/3 forp ■' I, As with the noise constant* 
the influence of the bias introduced by smoothing 
rapidly decreases when h increases, and is less than 
10^ at /i > 3n. Above this scale, the influence of 
smoothing can then be neglected [A < D(h)], 

The atmospheric transmittance t. in the 10.5- 12.5 
Jim channel generally used on satellites, mainly de> 
pends on the atmospheric water vanor content'and 
typically varies between 0.9 and 0.3 (Kneizys el al , , 
1980). The radiometric temperature Th measured 
from space must thus be expressed as 

Tfl » tT,,. + (I - r)T„, (9) 

where Tk- is the water temperature and T„ an ap' 
propriate mean air temperature. From (9) it is ob- 
vious that the structure function computed from 
satellite data depends not only on the variations of 
T)c, but also of T« and t. Atmospheric variability 
generally Is assumed to be at larger scales than 
oceanic variability, so that atmospheric fluctuations 
could be neglected at scales < 100 km. Neverthe- 
less, the satellite determination of the structure func- 
tion may on some occasions be partially contami- 
nated by air temperature and water vapor variations, 
but it is very unlikely that this would occur over 
the open sea where it can be assumed that atmos- 
pheric parameters are stable within the scale range. 
A further study involving satellite and surface meas- 
urements along the same track would< have been 
necessary in order to resolve this problem. Assum- 
ing a constant atmosphere, 

Ta(.v + /() - Tfl(.t) = 7[Tn’(x + It) - T,v(.v)] (10) 

( 11 ) 

where the influence of the atmosphere affects only 
the determination of structure function ampli- 
tude, and not the determination of the power-law 
exponent p, Because the atmospheric transmittance 
cannot be 'accurately determined over the oceans, 
only one parameter of the structure function can be 
determined from a satellite; this is the power-jaw 
exponent p obtained from the slope of the curve in a 
log-log plot. 

The hypothesis of the homogeneity Of the random 
field must be verified, otherwise erroneous dete'r- 
minations of the exponent could be obtained. For 
example, a frontal zone would have a spectrum Er(lc) 
~ k '■*, but Drtih) ~ h-. Since these exponents are 
close to the physically expected values, it is neces- 
sary to carefully check the homogeneity of the SST 
field and to remove the existing trend if necessary, 
When the mean horizontal SST gradient dTIdx is 
small, it is sufficient to take 

{dTIdxflF 4 £)(/i) (12) 

over the'study range of scales; otherwise, the stand- 
ard procedures must be applied to detrend the data. 


Tails I, Radlomcicr performances of the saieiliie 
experimenii used in this study, 



Ground reeoluiion 

Nolle equivalent 

Saicllite 

at nadir 

temperature 

experiment 

(km*) 

difference (*C) 

VHRR/NOAA-5 

1 

0.8 

HCMR/HC.MM 

0.25 

0.3 

AVHRR/TIROS-N 

1 

0.1 


3, Results 

The results of two independent but complementary 
studies are hereby presented. The first study deals 
with data obtained from the VHRR (Very High-Res- 
olution Radiometer) on board NOAA-5, and was 
limited to the range of scales 40- 100 km because of 
the large level of instrumental noise. The improved 
radiometric performances of the HCMM (Heat 
Capacity Mapping Mission) data, — i.e,, a nadir res- 
olution of 0.5 km and NEDT » 0.3 K (see Table I) 
—allowed us to extend the study down to scales of 
3 km. The visible channel was used to select cloud- 
free study areas in the northeastern Atlantic Ocean 
and the Mediterranean Sea, Only areas in which no 
large-scale specific features were viewed on fully 
enhanced images were considered homogeneous and 
used in this study. 

Locations are shown in Fig. 2 and dates are given 
in Table 2. At each location, the one-dimensional 
structure functions were computed in four directions, 
0 =» 0 (across the satellite track, i.e., appro, xlmateiy 
cast to west), ff/4, rr/2 (along the satellite track) 
and 37T/4. 

Examples of the computed structure functions are 
given in Fig. 3 for.VHRR/NOAA-5 and in Fig, 4 for 
HCMM. The rermlts generally show that the SST 
field is not e.xactly isotropic. Nevertheless, the struc- 
ture functions, if not equal, are roughly parallel on 
a log-log plot, so that the anisotropy is confined 
in the amplitude A{9), i.e., 

DrriO, h) = AWi^ (13) 

but the slope p remains very nearly isotropic. 

Values ofp from 0.5 to 1,3 have been observed In 
this study with an estimated accuracy of —0,1. Using 
VHRR/NOAA-5 data, 44 estimations ofp were made 
in the range of scales 40-100 km, and HCMM data 
were used to make 37 estimations in the range of 
scales 3-30 km. The corresponding histograms of 
the observed p arc given in Figs, 5a and 5b. The 
most frequent values are 0.9- 1.0 and the mean val- 
ues are 0.8 (3-30 km) and 0,9 (40-100 km) with a 
sfandard deviation of —0.2. About 90% of the ob- 
served values are distributed between 0.5 and 1.1. 
The results correspond to a mean value of the power- 
law exponent of the spectrum /i of 1 .8 in the wave- 
number range 0,01-0.3 km"‘. 
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The amplitude of the structure functions varied 
from 10“* to 10"' (®C)“ at It * 40 km. Even after 
spatial smoothing, it was noted that the noise level 
tended to slightly reduce the estimated values of p 
because the structure function of the noise is a con* 
stant (p 0), This is particularly true when the 
noise level (5 x 10”" (“O" for the HCMM data, 3 
X lO"" ("O* for the VHRR/NOAA-5 after smooth- 
ings) is of the same order as the structure function 
(see Fig. 1). Whenever possible, the estimates o(p 
were cort'ected for this effect, but the effect could 
partly e.xplain the lowest values ofp. 

On the other hand, a mean horizontal thermal 
gradient would give D{li) ~ li‘\ The areas studied 
were carefully selected to avoid (he existence of 
thermal gradients which would increase the estimate 
of p toward larger values; nevertheless some in- 
fluence OR the data could remain. Both of these ef- 
fects, noise level and horizontal thermal gradients, 
could partly but not totally explain the spread of the 
results around the mean value, between 0,5 and 1.3, 
which remains significarU. There is no evidence of 
correlation between tho estimates of p and the cor- 
responding geographical locations or seasons but, 
nevertheless, we would guess that it is probably 
necessary to Involve physical processes in the ex- 
planation of the observed p values. 

4. Discussion 

Using (6) and' the results from this structure func- 
tion analysis, we obtain a spectral density power 
exponent with a range of I.S < n < 2,3. This agrees 
fairly well with the previous results reported by sev- 
eral authors either from shipbome measurements 


(Fleux et al . , 1978), or from airborne measurements 
(Saunders, 1972a), for the one-dimensional tempera- 
ture spectra (see Table 3). Holiaday and O’Brien 
(1975) attempted to reconstruct the two-dimensional 
SST held from the tracks of the aircraft survey and 
found « =» 3 for the isotropic part of the two-dimen- 


Tabcc 2, Summary of the different areas studied. 


Area 

Date 

Location 

Experi- 

ment 

Eastern 

19 Mar 1978 

jaWN. 28*00’E 

VHRE 

Mediterranean 

05 May 1978 

34'00'N, 15’00'E 

VHRR 

S 

08 May 1978 

33*00'N, 29^'E 

VHRR 


14 May 1978 

33‘30'N, 28*30'E 

VHRR 


17 May 1978 

33’30'N, 26*00'E 

VHRR 

Western 

29 Sep 1977 

41'WN, 04*00'E 

VHRR 

Meditenanean 

29 May 1978 

3y05'N, 07’15'E 

HCMM 

Sea 

29 May 1978 

40*05'N, 06*S5'E 

HCMM 


11 Jul 1978 

38*35'N, O4*J0'E 

HCMM 


11 Jul 1978 

4r33'N, 06*55' E 

HCMM 


26 Jul 1978 

39*20'N, 06'15'E 

HCMM 


28 Jul 1978 

38*15'N, 03’45'E 

HCMM 


28 Jul 1978 

38*35'N, 05*05'E 

HCMM 


28 Jul 1978 

37*40’N. 07*25'E 

HCMM 


14 AU| 1978 

38*30'N, 03*00'E 

VHRR 


14 Sep 1978 

40*25'N, 06*30'E 

HCMM 


14 Sep 1978 

40*35'N, 11*55’E . 

, HCMM 


14 Sep 1978 

41*40'N, 06*45'E 

HCMM 

Nonheaslem 

It Sep 1977 

46*00'N, 06*30'W 

VHRR 

Atlantic Ocean 

14 Sep 1977 

45*00'N, 07*00'W 

VHRR 


06 Jan 1978 

46*30'N, 09*00'W 

VHRR 


10 May 1978 

46*00'N, 08*00'W 

VHRR 


II May 1978 

43*15'N. 04*40'W 

HCMM 


II May 1978 

38"35'N, 11*45’W 

HCMM 


18 Jun 1978 

46*00’N, 08*35’W 

HCMM 
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Fla J, Example of structure Amcilons computed from VHRR data. 


»lonal spectrum, which probably is an overcstima- 
tion of the value due to the smoothing of high wave* 
numbers produced by the SST mapping procedure, 

The experimental values, 1.5 < n < 2.3, must be 
compared with those given by turbulence theories. 
All of the theories assume the e.xistencc of an In- 
ertial range, i.e., that the considered scales are far 
from the energy sink and source scales. It is not 
evident that the range of scales 3-100 km In the 
ocean is an inertial one. The scales of Input and 
sink of energy remain puzzling (see a review in 
Rhines ( 1977) or Woods ( 1977)]. The final energy dis- 
sipation occurs at molecular scales but larger scales 
play a role via internal and surface wave breaking. 
These waves may also generate motion at larget 
• scales via non linear processes (Hasselman, 1971). 
The interactions between internal waves and meso- 
scale eddies are uncertain. Muller (1974) predicts 
that internal waves gain energy from eddies, while 
the critical-layer absorption theory of Ruddick (1980) 
suggests the opposite. The typical scales of internal 
waves are to the lower limit of the studied range 
and interactions may occur. 

Input of kinetic energy related to wind is found at 
scales of the same order as the wind waves (100 m), 
and the meteorological systems (1000 km or more). 
Energy inflow due to thermodynamic forcing is found 
at even large scales. All of these scales arc one or 
two orders of magnitude smaller or greater than those 
studied. At some locations, interior processes such 
as baroclinic instability may also play an important 
role In converting energy through nonlinear mech- 
anisms. The scales of these phenomena are on the 
order of one to si.\ times the internal radius of defor- 
mation, depending on the physics of the problem. 
This radius is of approximately 50 km in the open 
ocean and 7 km in the Mediterranean sea. If these 


physical processes arc of Importance in the area 
studied, the 3-100 km range is not an inertisa one. 
In fact, we cannot specifically determine whether 
or not the 3-100 km range Is an inertial one from 
our observations: by looking at Fig. 3 and 4, one 
can notice that the structure functions do not ex- 
hibit any peak characterizing a very energetic scale 
In the range we deal with, but this may only mean 
that the energy inputs are from outside the studied 
range. 

In the range of scales 3- 100 km, horizontal scales 
are Icrger than vertical ones, and the observed vari- 
ability may be considered a quasi two-dimensional 
process. Therefore the observations can be related 
to the ft values predicted by the theories of two- 
dimensional !!!rhulence (Kraichnan, 1971) and of 
geostrophic turbulence in the atmosphere (Charney, 
1971). These theories take into account either the 
conservation of energy and of enstrophy (half of the 
mean square of the vorticity) in the case of Kraich- 
nan’s theory, or the conservation of energy and of 
the pseudo-potential enstrophy (Charney). Both of 
these theories agree when predicting the power law 
of the kinetic energy spectrum: £*(1.) ~ But 
the relations between Current and temperature arc 
not obvious and the different mechanisms involved 
Iced to drastically different theoretical power laws 
for the temperature variance spectrum. Kraichnan's 
theory, considering that temperature is a passive 
contaminant implies that Erik) only depends on k 
and on the dissipation rates of enstrophy and tem- 
perature variance. Then, from a dimensional analy* 
sis, Eiik) must follow a k~' power law. Charney 
made use of the perfect gas law and of the hydro- 
static relation to compute a relation between the 
temperature and the streamfunction and he found the 
same law'for E^{k) as for Es{k)t i.e,, Ej{k) ~ En{k) 



SCALE in km 

Fic. 4. Example of stnjcture functions computed from HC.VfM data. 
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"• A-®, Also, assuming Ei,{k) ~ A"’, Saunders (1972b) 
deduced a temperature variance spectrum Ei(k) 
~ k~^, by the use of the thermal wind equation, 
These examples demonstrate how results may be 
very different according to various puihors. In this 
study, the mean observed value of forn is far 
from the assessment (n ■« 5) made by Saunders but 
falls between the Kraichnan and Charney predic- 
tions in m 1 and 3). This discrepancy may be due to 
the fact that the condirions of the theories have not 
been fully met and namely that the study range Is 
not an inertial one. 

Three-dimensional theories of turbulence (Kolmo- 
gorov, 1941; Bolgiano. 1962) or space-time variabil- 
ity theories of internal waves (Garrett and Munk, 
1972, 1975) report values of n close to those found 
In our study (1.7, 1.4 and 2, respectively), but the 
physical basis of their hypothesis can hardly be ex- 
tended to the mesoscale range. 

We may also notice that several experimental 
studies of air temperature variability mention values 
of n in agreement with our study at similar range 
of scales ( 100- 1000 km). See reviews by Gage ( 1979) 
and Panchev (1971). Some of these results arc ob- 
tained by using spectral analysis on time-series data 
and equivalent wavenumbers are computed by using 
Taylor's relation. As the validity of this relation is 
dubious for such scales, these lime-series, results 
must be viewed skeptically. But as for the oceano- 
graphic observations, there is no atmospheric theory 
to explain the observed results. 

In summary, the power law exponent n of the 
Spectral temperature variance observed in the range 
of scales 3-100 km is nearly 2. This is very dis- 
cordant Nvith the values predicted by turbulence the- 
ories which are widely spread around this value. 
Results and conclusions from the present study are 
very similar to the experimental results published 
by Saunders (1972a) nearly a decade ago but it is 
emphasized that further advanced theories are still 
needed in order to e,xplain the experimental dete.**- 
mination of the mesoscale SST variability. 


t 




POWER LAW EXPONENT p 

Fio. 5. Hi»!Osrams of the o0«erved velues of the powerdaw 
exponent p of the stnieture function in the range of scales (a) 
40-.100 km and (b) 3-30 km. 


5, Conclusion 

This study has proven that It is feasible to es- 
timate the random properties of the SS'I' field In the 
mesoscale range 3-100 km from satellite infrared 
data. As compared with previous analysis of ship-' 
borne and airborne observations, the use of satel- 


Tailg 3. Summary of observed mesoscale SST variability, 


* Authors 

Range of 
scales (km) 

PoWer-taw exponent n 

Comments 

Saunders (1972) 

. 3-100 

2.2 ±0.1 

one-dimensional, surface temperature, 
airborne Infrared sensor 

Hoiladay and O’Brien (1975) 

3-20 

« 

3 

two-dimensional, SST maps from 
aircraft surveys 

Fieux et al. (1978) 

1-64 


one-dimensional, surface temperature, 
ship-towed sensors 

This study 

3-100 

1.5 < rt < 2.3t n * 1,8 

two-dimensional, surface temperature, 
satellite data 
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lite data allowed us to perform more systematic 
study, including the isotropy of the SST held, Using 
the structure function, the powcr*|aw exponent n 
of the SST held variance density spectnim can be 
retrieved with good accuracy (±0,1). A mean vaiue 
of li8 and a standard deviation of 0,2 have been 
found in the range of scales 3- 100 km, and extreme 
values of 1.5 and 2,3 have been observed. 

The results give rise to several questions: I) Is the 
range of scales 3- 100 km an Inertial one? 2) If yes,* 
is there any turbulence theory which would e.xplain 
the spectrum power law observed? 3) If not, ai which 
scales are the inputs of energy and to which proc- 
esses are they related? At the present time, further 
investigations, both theoretical and experimentai, 
are needed to interpret the physical mechanisms and 
parameters involved in the mesoscale variability of 
the SST field. 
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Day-night surfaoa tamparatura diffarancas maaaurad in tha infrared 


(iO.5-12,5 vim channel) by the HCriM aatallita experiment fraquantjy shew large 


I 


diurnal heating C several ”C) of the upper layer of the ocean during summer months 


in the Mediterranean Sea. wfein the wind speed is low. Whan observed in the 0.5- 


1.1 pm ohannal. glitter raflactanoa - i.a. direct solar radiation specularly 
raflactad towards the sensor - corralates with diurnal heating. Glitter reflac- | 

ff 

tance has been modeled to retieve an equivalent wind spaed, and observed diur- i 

I 

nal heatings. AT. rapidly deoraasa from their maximum value of about 5 as the * 
wind speed. U, increases. A mean diurnal heating of nearly 1 is calculated ^ 


for the marine coastal areas of southern France in summer time. During this 

% 

period, satellite observations should be restricted to night and aorly morning 

** '1 

orbits, or to periods of high wind speed (U > 5 m.s ) at noon and during the 


afternoon. 
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A daily varintlo" i>T tha ta^peratura of the surface layer of the oceans 
is known to be produced by diurnal hiafeing due *;o absorbed solar radiation. The 
amplitude of the daily temperatur* vailation is usually small because of tur- 
bulent mixins which uaually pr*rfvailh over the rmjlecular thermal diffusivity. 

“2 * 
A solar irradiance of 1000 W.m « when absorbed in a mixed layer of 10 m, would 

give a heating rate of only 0.1 '’C per hour, and a daily variation of less than* 

0.5 ®C. If the turbulnrit mixing ia )‘oduoeo and the mixed layer is lass than 1 m 

thick a heating rate of 1 ”0 pax* Hour may be expected and daily variations of 

several "C should be obaarved. With th« exception of very shallow waters* large 

diurnal surface tampHa'ature Variations in open oceans correspond to low wind 

speeds because turbulance in the uppor surFaea layer is mainly induced by the 

surface wind stress. 

From a thaoratioal .’jlmulatlcn of radiative and heat transfer in the upper 
ocean layer* MASSE (1071) predicted that the deviation of the sea surface 
temperature (SST) from tne bulk tempereture taken at 10 meter depth should 
vary as s 

- Tiq - Q U*’’ Cl) 

» 

„3 

where 0 is the solar iiTadiaice, U* the wind speed, and ■ 3.5 10 when 0 

-2 -1 

is axpressed in W.m , U in m.a . According to MASSE, Eq. Cl) is only valid for 
-1 

U 5 2 m.s , but the evidence that the SST diunal variations InoreasB when U 
de'creases Is supported by several observations : RDMER C19S9), STOMMEL at al 
C1970) ocoaslonaly found diurnal variations of more than 1 *0 at very low wind 
speeds - l.e. for U < 2 ra.s .These observations were nevertheless restricted 
to a single location and were isolated events. 
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SfltBllita infi'arad radiomatBra offer the opportunity to more ayatama- 
tically invoatigato aucn large diurnal variationa of the SST. The fi?at aatal- 
lite experiment to provide adequate capability for this purpoaa waa the HCMR 
CHeat Capacity Mapping Radiometer) experiment launched in late April 78 with 
an improved temperature reaolutlon C0t3 *0) and a nearly noon overpass. Reaulta 
from this experiment are hereby reported in order (1) to investigate large di- 
urnal SST variations at low wind speeds Cil) to give an aaaeaament of the rela- 
tive frequency of such an event and its impact on the determination Qf the SST 
field in such areas as the Mediterranean Sea where diurnal heating is frequent. 

II - OBSERVATIONS QF DIURNAL HEATING FROM HCMR SATELLITE DATA 

Il-'l - The HCMR experiment 

The basic cbjactiva of the HCMR experiment is the measurement of vari- 
ations of tho earth aurf.acs temperature for applications to earth resources 
Cgeology, hydrology...). For this purpose, the satellite is sun-synchronous 
and crossas the equator at about 2 a.m and 2 p.m local time so that surface 
temperature data are obtained close to the minimum and the maximum of the diur- 
nal variation. Satellite altitude is 620 Km, and orbit inclination is 98.87®. 

The HCMR consists of a two-channel scanning/imaging radiometer, with a 0. 5-1.1 pm 
spectral bandwith in the visible and 10.5-12.5 pm in the thermal infrared, Si- 
milar channels have been used on previous meteorological satellites, but the 
interests of the HCMR expei'iment are (i) a large improvenent of the radiometric 
performances in the thermal infrared channel for which the temperature resolu- 
tion is 0.3 ®C and the nadir ground resolution is 500 m as compared with 0.5 to 
1 ®C and 1 km for the previous VHRR/NOAA satellites, (ii) the new ease with 
which the user can obtain differential surface temperature maps between day and 
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night at 12 or 36 hour intarvala. The HCMR axparimont waa originally deaignaiv’ 
to produca thartnal Inertia data for soil and geology applications but the very 
good performances of HCMR are also suitable for ooaanographi'? studies. Data 
ware recaivad from NASA (National Administration for Space Research) through nn 
invastigation concerned with sea surface temperaturas of the coastal zones of 
France . 

Available HCMR data are photographic or digital products covering a * 
700 X 700 Km square scene. The following information is displayed ; 

(1) diffusa surface albedo or raflectanca in the visible channel (day only). 

(2) surfacs taniperatura from the infrared channel, 

(3) surface temperature difference between day and night, 

(4) thermal inertia, which waa not used in the present study. About 1000 scenes, 
covering the coastal zones of France were received during the May 1978 - May 1979 
period. Examples of the photographic products are given for two areas in the 
Western Mediterranean Sea (Fig. 1) and in the North Sea (Fig. 2)) where large 
diurnal variations of the SST ware observed. 

II-1 -Diurnal heating and glitter (sun glint) patterns 

« 

A large number of the data received for the Mediterranean Sea during 
May, June, and July of 1978 exhibited very interesting and concordant features 
in both the visible and the Infrared channels, as shown in Fig. 1 between the 
Island of Corsica and the Southern coast of France, and also close to the east 
coasts of Corsica and Sardinia. Warmer areas in the thermal channel are asso- 
elated with brightness’ changes in the visible. 
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The observed brightness changes in the visible are identified as glitter 
or sunglint patterns - i.e. specular reflexion of direct solar radiation by the 
wavy sea surface. During the concerned time period around the summer solstice, 
the observation angle of the HCMR imagery was very close to the angle of the 
specular reflaXiion of direct solar radiation in the western part of the scenes. 
This favors the observation of glitter patterns. Glitter generally increases 
when the wind decreases and the sea surface becomes calmer and more specular. 

The surface exhibits a maximum brightness when the observation angle is close 
to that of the specular reflexion of solar radiation : a homogeneous bright 
area is thus noted in the south-west part of Fig. 1-a. For very calm seas, tho 
surface reflexion becomes nearly specular, and a brightness decrease’ may be 
observed, because it is very unlikely that the observation angle be strictly in 
line with the specular reflexion. Both processes are present in the northwest 
part of Fig. 1-a, where bright and dark areas respectively correspond to weak 
and nul wind speeds. The fact that smoothing of the surface could produce either 
an increase or a decrease of the glitter brightness was previously mentionned 
by LA VIOLETTB et al C19SQ}. A physical and detailed description is given in the 
Appendix, to aid in a further quantitative analysis of the data. The dark pat- 
terns in a mean bright glitter can thus be clearly interpreted as nul wind and 
calm sea areas, which obviously favour greater diurnal heating of the upper 
layer of the ocean because the heat transfer to deeper ocean layers is limited 
by reduced turbulent mixing and thermal diffusivity. 

II-3 - neteorological observations 

Evidence of a large diurnal heating corresponding to low wind speed 
conditions is also given by correlative meteorological observations. Surface 
observations are presented in Fig. 1-b for the case of the Mediterranean Sea, 
and in Fig. 2-c for another case fpund in the North Sea where, due to higher 
latitudes, glitter is almost always unobservable. On Fig. 2-a a large warm 
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spot was detBotfjd by HCMR in thn n.icldle of the North Sea which was coincident 
with the center of an entioyclcnc high where nul wind speed was reported. Warmer 
areas observed in the Maditerranean Caa on Fig. 1-b are aXso coincident with 
low or nul wind spaedf., bur. tho cosarvad wind field is much more complicated 
because most of the ropor-cing ouastal w^.ather stations are affected by some 
breeze affects which ai'o suparimposod upon an anticyclone high. Cloudfree 
satellite SST observations are frequently acquired during similar antioyolonic 
situations with moderate wind speeds. It must be outlined that satellite esti- * 
mations of SST may thus be systematically affected by diurnal heating, and a 
tentative statement of this Is disouaaed i.n section III-4. 

II-4 - Day-Night observaticn s 

At least in the upper layers, heat loss during the night very rapidly 
destroys moat of the diurnal heating, which was produced during day time. Evi- 
dence of a diurnal heating may thus be fmind from a comparative analysis of 
two successive day at'd night observe fcicnp at 12 hour intervals. For the two 
cases given in Fig. 1-b and 2-a> the c..rrraspondlr,g night observations CFigs. 1-c 
and 2-bj show a much mors constant SST fiels and the warmer features noted du- 
ring day time disappear. 

Figure t-d gives the result of the computed day-night temperature dif- , 
ferenoBs after the proper calibration algorithms have been applied by NASA. 

These differences present the advantage of being independent of the mean mesos- 
oale SST field and allow enhancement of the diurnal heating, which again clo- 
sely correlates with glitter patterns i\\ the visible channel. Day-night tempe- 
rature differences are used in the following for a more quantitative analysis 
of diurnal heating. 
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III' - DEPENDENCE OF DIURNAL HEATING ON SEA STATE AND WIND SPEED 

^ j 

The obsBrvf?t! diurnal haatingst i/are further quantified by enalyaia to I 
derive their rslationship with the sea atate and:tha wind apeed. Day-night I 

temperature differences were correlated to the reflectance of the D.S-1.1 ym | 

i 

channel. This reflectance, tnoatly due to sun glitter, is related to the surface | 

si 

slope variance and to a mean wind apeed using the statistical model of COX I 

and MUNK C1954). I 


u 

III-1 - Diurnal heating and glitter reflectance It 

Day-night temperature differences (Fig. 1-d) - i.e. SST diurnal varia- 
tions - show patterns similar to the glitter patterns (Fig. 1-a], on June 3, 1978. 
Fig. 3 gives the result of the correlation obtained when the diurnal heating, 

AT, is plotted as a function of the glitter reflectance, p , in a small study 

O 

area east of Sardinia. It is evident that a close oorrela'tion exists and AT Ij 

;i 

rapidly decreases when p increases. To further interpret that fact, p has to i 

o o 

F| 

be related to the wind speed, or more exactly to the statistics of surface 3lo]Bs.*^ 

Using the atatistical distribution of surface slopes from CDX and MUNK 
(1955), a model was developped to relate the glitter reflectance to the wind 
speed. This model is detailed in the Appendix. Results indicate that p could 

s 

either increase or decrease with '*iind speed : P^ presents a maximum value for 

a given wind speed value, both of which depend on solar and observation angles 

through 0^ (tg 0^ is the surface slope allowing specular reflection toward the 

sensor). Fig. 4 gives the relationship between ’p and the wind speed, U, for 

g 

0^ * 8®, 10°, and 12°, corresponding to the area previously studied for 

At » f(P ). In this case P increases rapidly at the lower wind speeds and then 
g g 

-1 

is rather constant for U > 3 m.s so that U can be estimated with a good aocura- 

-1 

cy from P , only when U ^ 3 m.s . The study has thus to be limited to this 

O' 
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wind apsed range* It should also be noted that p la physically linKod to the 

m 

surface slope variance* and only statistically to the wind speed. Local anomalies 
may thus occurs, In particular when the fetch of the wind over the sea la va- 
riable. Keeping precautions ih mind these, we may now transform ^T(p 3 into 

B 

ATCU) which is given in Fig. 5. 

1II-2 - Diurnal heating and the wind apeeia 

« 

The first point to be noted on Fig. 5, which gives the diurnal heating 
as a function of the wind speed, is that Aj rapidly deorsasas from several 
to 1 **C when U increases up to 2 m.s . The scatter of observations ATCU3 on 

Fig. 5 is remarkably less than ATCp ) on Fig. 3, because the variations of p 

E B 

with changes of observation angles within the study area have been eliminated. 

A fit of AT(U) on Fig. 5 would give : 

LI - 0.4 U"'* + 0.5 C2) 

Un ®C for U in m.s ) 

Some uncertainties related to the model p CU3 have previously been outlined. 

• P 

Additional errors may be due to armospherio effects on the measured radiances. 

An aerosol atmospheric reflectance of about 0.02 was estimated from the mini- 
mum reflectance within the scene Cp » 0) and substraoted in the 0. 5-1.1 uni 

o 

channel. Day-night temperature differences have not been corrected for atmos- 
pheric emission in the Infrared. This approximation would be valid only if 
the atmosphere were to remain the same between the two satellite overpasses, 
but a bias due to a change of atmospheric parameters - i.e temperature and 
water vapor concentration - could have occured which would possibly change 
the 0.5 “C constant found In (23. Lastly, the observed AT are certainly under~ 
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astimatad by a factor r, the atmospheric transmittance in the 1D.S”12.5 pm | 

I 

band, for which r typically equals 0.7 For a midlati.tude summer atmosphere. 

( 

f 

The results may be compared to the values predicted by HASSE C1S71}. | 

“2 

Using a mean solar irradiance at sea level Q ■ 900 W.m in (1), AT is found 

-1-1 if 

to vary as 1.5 U (U in m.a ]. This formula is shown in Fig. 5 and when com- | 

it 

pared to Hcnfl observations, gives a systematic overestimation of the diurnal | 

. \i 

heating fo U < 3 m.s . Elsewhere, the HASSE formula does not respect a limit j| 

value of AT when U ■ 0. As pointed out by HASSE, the results of the model given I 

li 

in (1) can not be applied to the lower wind speed range because the model used | 

by HASSE refers to a steady state assumption not respected by scales of a few | 

I 

hours. 


III-3 - Limit value of the diurnal heating i 

i 

)( 

ii 

I 

Fig. 5 and other HCMM scenes with large diurnal heatings indicate that i; 

i 

diurnal heatings do not exceed about 5 “C, and that a limit value qhould exist s 

I 

at low wind speed. This value may be obtained by solving the heat transfer | 

I't 

equation : I 


d dT(z,t). . dF(z,t) . dT(z,t) S 

dz d^' ^ ~"it“ I 

C3.) 

j1 

I 


for kCz} ■ k^, the thermal molecular conductivity of seawater -i.a no turbulent 
diffusivity is assumed at U » o. Eq. C3) was solved using the following condi- 
tions : 


P(2,t) = F(o,t) g(z) - F 


C4) 
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whers FCo.t) is ths sol&r irr^dianwM at saa leval, the hsat loss by th« 

0 

surface I and 

g(2) « I «xp(-4^zi J5J 


where a^, are given in Table 1 end ware obt'Sined from a fit of gCz) accor“ 
ding to the worK of PRLIVQST (1975). g(z) Is considered independent of time in 
(4) which is a rather good approximation alncn the underwater penetration of • 
ths direct soiar radiation iii does to the nadir even at low solar elevation 
angles. A homogeneous layer was assumed to exist Just below the surface. The 
depth of this layer is defined similarly tr. the model of KRAUS and TURNER 
(1967) ; the variation of potential ener;?,y produced by solar radiation and 
surface heat loss is equal to the wor!< of ths v/ind stress on the ssa surfaca, 
i.e. nul for this study caso where we lock fot' a limit value of AT at U ■ o. 
Under these conditions. AT variance correlated well with the net heat budget 
of the surface : 




(F(o,t) - dt 


CB) 


whei*,C ■ 0.65.10 ^ K.J m^. For the HCflH observations or June 3, 1978, 

A 

■r J (F(o,t) - F ) dt was eatimatad to be s mean value of about 600 W.m 

° ° -2 
over a period of 4 hours (in fact a maximum value of 900 W.m at noon at satel- 
lite overpass) and ws found ; 


at =* 5.6 'Q 
meuf 


( 7 ) 
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This value is in agreonient with the observationi raportad in Figt 5. 

At the lower wind apeedj the rabaervad diurnal heating ia widely acattarad 
with, in the range cP 2 < AT < 4 ®C, and thus below the aatimated limit value# 

The large varlationa of the observed AT at U « 0 may be explained by the fact 
that Eq# 6 raquirea a nul wind apaad during the entire heating period pre- 
ceading the observation# i#e. several hours, which ia vary unlikely. The scatter 
of the diurnal heating at U » 0 therefore is probably linked to the time vari- 
ations of the local wind speed. 


III-4 - Frequency of diurnal heating 


!| 

L 


From flay 13 to August 28. 1976, 30 HCMM scenes taken over the Western 
Mediterranean Sea were examined of which about 34 scenes exhibited large (ty- 
pically more than 1 "Cl diurnal heating of particular areaa of 10 to 100 Km 
width. Relative frequency cf the event ia rather large, and la enhanced in 
some areas which are affected by a breeze effect and where the wind systemati- 
cally becomes nul at some distance from the coast. Table 2 gives relative fre- 

-1 

quenciea of low wind speeds (U < 3 m.s ) at some stations along the Coast of 

France during the summer months (from OARCHEN (1974);. The frequency of nul wind | 

allowing a diurnal heating of more than 1 is between 10 and 30 %. The fre- | 

-1 

quancy of low wind speed (1 < U < 3 m.s ) is from 20 to 50 %, allowing a diur- 

I 

nal heating of about 1 "C. From these frequencies, and N 2 , a mean heating i 
AT', was calculated as 

AT = 2.5 jgj 

f 

i 

and is also given in Table 2. The mean diurnal heating ranges from 0.5 to 1.5 “C I! 

■'i 

along the south coast of France with a maximum on the French Riviera (Cap Ferrat).'! 

H 

y 
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IV - .CONCLUSinN OF POOR QUALITY 

Ths present Investigation > using SST satellite observations from the 
HCdll experiment has shown a high frequency of large diurnal heatings Cmore 
than 1 "O of the sea surface during summer months in such areas as the 
riediterranaan Sea where low wind speeds are very frequent* This shows that 

* 

satellite observations made at noon and during the afternoon should be rejec- 
ted, or at least checKed to eliminate those corresponding to low wind speed « 
-1 

CU < 3 m>s ). If not, a systematic bias cotid be introduced in the SST ana- 
lysis of some areas, particularly the marine coastal areas affected by a sea- 
land breeze effect. 

Using simultaneous observations of the glitter reflectance, the diurnal 

heating was correlated to the wind speed. Diurnal heatings of about 0.8 **C 

-1 

were found for U a< 2 m.s , which is two time less than the formulation given 
by HASSE C1971). A maximum diurnal heating of 5 ®C is found for nul wind con- 
ditions, which is in agreement with the value calculated from the radiative and 
heat transfer equations assuming the -hermal dlffuslvity is only molecular. 
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. Glitter refers to direct solar radiation reflected 

bv' the sea surface. This reflection Is specular for a planar s\ir*- 
face. When there is wind, the surface is agitated and consists • 
of elements which are statistically distributed around the horizon- 
tal plane. This produces a o»re or less bright spot of varieUale 
dimensions which is commonly called glitter. 


The radiance reflected by the agitated sea surface 


can be expressed (COX and MUNK, 1956) 


®s p 

■g ~ 4 

4 


(A-1) 


and the equivalent reflectance Pg will be expressed as 


lt;L 


J. m 1 


^ ^3®s 4 V y M 


(A-2) 


where E. is the direct solar radiation at sea level, 

s 

R(oj) is the reflection coefficient of water at a given indicence a>, 

p is the p:robed)ility of encountering a properly oriented surface 
clement, 

u n CO30 I u “ COS0 , V = COS0 r respectively define the zeni- 

V v s s n n 

thal angles of the observation direction, the direction of incidence, 
p la the probability of encountering a properly oriented surface element, 

» 0030^, Pg * cos0g, » cos0^, respectively define the zenithal 
angles of the observation direction, the direction of inciasnos, and their 
bisector, • 

i}i is the angle between the incidence and" observation planes ; 

u +y 

a S ^ 


2cosu) 


CA-3) 
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cos2u 




COS \fi 


vA-4) 


From a study of aerial photographs of glitter patterns , COX end HUNK. C1S54) 
developpad p in a Gram Charliar series which in a first apprcu*:iinaUnn is 
reduced to a gaussian distribution, with revolution symmetry s 


P 


1 


®n)^ 

exp 2 — 

a 


Kk 


fA- 




with - 0,003 + 5,12.10"^U -1 ± 0,004 CA-S) 

ni.s 

for 1 < U < 14 m.s ^ . 


Figure 6 gives an example of the glitter spot p thus coinput> 5 id as 

g 

a function of solar zenithal angle for different values of W, ano for a 
nadir viewing ■ 03, in accordance with the reciprocity principle, by 
permutation Fig. 6 also gives p as a function at tho observation 

O 

angle, for a sun at the zenith (0^ ■ 0). For a given angle pri^sfints a 

maximum, p„„, at a certain value of which is related to wina speed, o 
gm m ^ m 

and Pgj^ are given by s 



tg^0 

n 



R((D) 




iA“7l 


CA-81 


The dashed curve in Fig. 6 envelops the pr .eadlng curves and represents 
the maximum glitter p^^^ as defined by (A-63 . 
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Figurg 1 - Diurnal heating in the Western Moditorranean Sea t 

(a) “ Day HCm scene A-A0038-12440 on June 3, 1978 at 12.44 TU. 

Image oontor is at 40.54“N» 011.04®E. Visible channel t 
darker tones are lower refleotanoes. Note the bright pat^ 
terns East and West of Corsica and Sardinia. | 

I 

(b) - Same as (a) but infrared channel ! darker tones are colder I 

sui'face temperatures. Note warmer waters East and West of | 
Corsica and Sardinia. | 

Co) - Night HCm scene A-A003a-D1490 on June 3, 1978 at 1.49 TU. | 
Infrared channel : darker tones are colder temperatures. I 

Cd3 “ Day-night temperature differences between HCMM scenes ob- I 

H 

tained on June 3, 1978 at 1.49 TU (night) and 12.44 TU (day). | 

Darker tones are smaller diurnal heatings. !| 

j| 

(e) - Matearalogioal situation on June 3, 1978 at 12. OD TU. | 

Figurg 2 - Diurnal heating in the North Sea ; 

” (a) - Day HCm scene A-A0034-13120 on Nay 30, 1978 at 13.12 TU, 

Image canter is at 54.27“N, 0D.01“E. Infrared channel : 

darker tones are colder waters. Note the warm (bright) spot 

. 

between Scotland and the top right of the image where a | 

thermal front is shown close to Norway. I 

I 

(b) - Night HCNN scene A-A0035-02280 on Nay 31, 1978 at 2.28 TU, | 
Image center is at 56.13“N, 03.00“E, Infrared channel : | 

I 

darker tones are colder waters. The warm spat disappeared ]' 

I 

during the night. ; 

% I 

Co) - NetBoroiDgioal situation on Nay 30, 1978 ct 12.00 TU. 


Figure 3 - Day-night temperature differenst? va glitter reflectance on Juno 3, 
1978, for a study area East of Sardine, 

Figure 4 - Retrieved wind speed va glitter rwrioctcnoa for the study area. 

Figure 5 - Day-night temperature difference wg rwtrfavpd wihd speed for the 

study area. The solld-dushad line shcwo the diurnal heating obtai-* 
ned frcm HASSE (1971). which is Valid only at 'J < 2 , 

Figure 6 - Glitter reflectance vu sfvmithol viewing angle, for a sun at zenith., 

• 1 

and several wind speeds fx'om 0 to 15 m.s . Maximum glitter reflec- 
tance is given by a rjasned line. 
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TablB 1 - CoQffioienta In (5) for water penetration by 

3oiar irradiance. 






^ ’ Relative frequencies of low wind speeds t 

; nul ) ; Beaufort forces 1 and 2 (1 < U < 3 m.s"'') 

during June, July and August in the French Mediterranean 
coastal area. CDARCHEN. 1974). An estimate of the mean 
diurnal heating AT is given in column C3). 


1 

■ station 

Ni % 

^2 ' 

AT *C 

Cap Bear 

16.0 

26.9 

0.67 ! 

1 

SSte 

9.5 

42.3 

0.66 ! 

1 

I’an^gues 

21 .3 

26.8 

0.80 

Cap Camarat 

10.8 

46.6 

0.74 

Cap Ferrat 

35 . 1 

50.4 

1.38 

1 

Cap Corse 

18.4 

35.5 

0.82 i 

Pertusato < 

6.4 

21.0 

0.37 

1 42“ N-6S 

i 

1 

7.6 

/ 
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Figure : - ;a} - Jay -IL'in acana A-AQ038-12440 on June 3. 1978 at 12.44 TU. 

I-naid CEitar In at 40.54“N, 011.04“£. Visible channel : 
oarKer tones a 'a lower reflectances. Note the bright pat- 
terns East ana West of Corsica and Sardinia. 
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B,ACK and WMiTC photoorapm 



Figure 1 - Cc) - Night HCIW 


scene A-A003d- j W9Ci on Jur:a 3. 1973 at 1.49 TU. 


DarKer tones are colder t .’raturab . 


1 



Figure 1 - (a) - Day-night tamoarature difference 


talnea on June 3, 1978 at 1.*19 


DarKer tones are smaller oiurra 
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FlgurB 2 - la) - Uay HCMM acana A-A0034-13120 on May 30, 1976 at 13.12 TU 


Infiaga cantar is at 54.27®N, 00.01*E, Infrerad channal 


aarKar tonas ara coldar watars. Nota tha warm (bright) 


spot betwean Scotland and the top right of tha image where 


a thermal *ront is shown close to Norway. 
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ij) - Mgtit HCnn scans A-A0035-02280 on May 31 


03.00“E. Infrarad channai 


carKar tonas are colder waters. The warm spot disappeared 


c uring the nlgnt 





Meteorological situation on May 30, 1978 at 12.00 TU. 


Figure 2 - Cc) 
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GUTTER REFLECTANCE , LOG { pg ) 


Figure 4 - Ratriavad wind apaad va glKuar reflectenca for the study area. 


2 

WIND SPEEDED 


Flgura 5 - Day-night tBrnparaturB differancEi vs rstrisvad wind spaed for the 
study area. The solid-dashed line shows the diurnal hoatlng obtai 
ned from HASSE Ci97i), which is only valid at U/S m.s 




GLITTER REFLECTANCE 


Figure 6 
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OBSERVATION ANGLE (deg) 


Glitter raflactanca va zanithal viauwing angle, for a sun at zanith 
and several wind speeds from 0 to 15 m.s . Maximum glitter reflac" 
tanoe is given by a dashed line. 
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From HCMM digital products processed at ENS, five scenes of high quality 
Were selected fvtr study because of their clear resolution of cold water 
areas around islands and shoals along tlie soutl; Brittany shore. Tidal cur- 
rents that Induce turbulence in shall.ow depths and destroy the seasonal 
tiierrapcline are responsible for the well-mixed cold coastal water that is 
separated from tlie warmer stratified offshore water by a transitional zone 
of high thermal gradient. Satellite measurements are compatible with ground 
trutli data analysis. 
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I INTRODUCTION 

Infrared satellite imagery (spectral band 10,5 ym - 12,5 ym)has been 
used to provide sea surface thermographies. For example, the HCNM and 
NOAA 5 imagexY en^^bled the detection of the Ushant front which subsequen- 
tly became the basis of various studies because of its importance in the 
distribution of phytoplancton. 

The spatial and thermal resolution of the HCMM thermographies is more 
refined than that of the NOAA 5 thus providing better images of the frontal 
regions in the shallow shelf water along the coast of Brittany. 

The thermal structure of these shallow coastal waters is not yet well- 
known. Cold water areas and high thermal gradients near reefs, shoals and 
Islands in the shelf region of the Bay of Biscay appeared several times 
in HCMM data. These areas are typified by their shapes and dimensions. 

In this paper, they are described in relation to hydrological and mete- 
orological conditions, and possible interpretations according with other 
observations are suggested. 

II DATA ANALYSIS 

Several HCMM photographic products (from May 1978 to November 1978) 
were studied because of their clear presentation of the existence and de- 
velopment of thermal boundaries and cold water areas . Due to tiie broad 
range in the dimensions of such phenomena (50 to 1000 square kilometers) , 
digital products processing was applied. 

Five scenes, to the area between Belle lie, Yeu Island, and the Loire 
estuary, were selected for an in-depth study ; 


06/10/78 

A-A0045-I3160-2 

: Day JR 

08/19/78 

A-AO 11 5-02 180-3 

; Night IR 

08/31/78 

A-A0 12-7- 13380-2 

: Day IR 

09/15/78 

A-AO 142-13 190-2 

; Day IR 

10/28/78 

A-AO 185- 131 80-2 

: Day IR 
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Geometric correctiorii resampling for uniform scaling (1/Soo 000) , and 
smoothing were applied to them before automatic sea surface temperature 
cartography. Results are given for three scenes in figures 1 , 2 , and 3. 

Ill HYDROLOGICAL AND METEOROLOGICAL CONDITIONS 


HCMM scenes were registered from June to October 1970. During this pe- 

3 

riod, the flow of the Loire river was not very strong. It fell from 800 m ,s 

3 

(06/10/1978) to 250 m /s during summer and autumn months. Tliis last value 
is very weak considering that in the winter, the flow of the Loire can 

3 

exceed 5000 m /s. Thus in all five cases, the influence of the river flow 
was trivial in comparison to the tidal stream, and could be neglected. 

In the Bay of Biscay shelf region, the presence pf bottom stress modi- 
fies direction and velocity of tidal currents. Thus the role of bathymetry 
in the dynamics of coastal currents is very important. For example, veloci- 
ties near the shore are ; 3 to 4 knots in the south of the "Presqu'ile de 
Quiberon", in the "Passage de la Teignouse" ; 2 to 3 knots in the west of 
Noirmoutler island ; and 1 or 2 knots between Yeu island and Noirmoutier 
island. Spring to neap ratios vary from 1,6 to 2. The contribution by off- 
shore tidal currents has not yet been established (about 0,5 to 1 knot 
between Belle lie island and Yeu island) but should not be neglected. 

In these five cases, meteorological conditions were very similar ; Anti- 
cyclonic weather, high pressure, low pressure gradients, weak winds, low 
night- temperature, high day- temperature. 

IV COLD WATER AREAS ; DESCRIPTION 

On the five different scenes, two typical cold water areas can be seen ; 

- An important circular area east and north of Belle lie island 
in the "Passage de la Teignouse", and around Houat and Hoedic 
islands . 

- The important area in the shape of. an "S", between Yeu Island 
and Noirmoutier Island. 

These two areas are surrounded by warm waters. We emphasize the similarity 
between the contouring of the cold water areas and the - 20 m isobath (see 
fig. 7) . 
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IV. 1 : 06/10/78 «nd 09 / 15/78 

Thermal gradients near islands are important : 2*C/5 hm« 

It is worth noting that the shapes of the cold water areas 
are very similar. However, the typical ”S" which was very near 
Noirmoutier island on 09/15/78, one hour before high water 

(spring tide) is further off shore on 06/10/78, one hour after low water 
(neap tide). This corresponds to the dynamics of tidal currents 
which flow into the bay of Bourgneuf, north of the Noirmoutier 
island. 


IV. 2 : 08 / 19/78 


The cold water area of Belle lie island and the cold water 
area of Noirmoutier Island nearly join above shoals in front of 
the "Presqu'ile de Gu6rande”. At the hour of the passage of the 
satellite pass occurod during the high water of a spring tide (tidal 
coef I l.Oo) 

f 

M in^oc tor M w w iiriu adct muit «■ sx cmMi v tx u loi« 

c.iuta - runmuuar • j. cammct 



Fig. 2 : HCJJlM automatic cartography : sea surface temperature (08/19/78) 
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Wg. I* : 08/31/78 


Cloud< over 
Belle He 




IV. 3 ; 08 / 31/78 and 09/15/78 

In both figures 4 and 5, the satellite pass uccured annroxlrately one 

.lour prior to high water, but a differencp aw»»rs In the tides : 

08 / 31/78 : neap tides (coef. : 0,68) 

09 / 15/78 : spring tides (coef. : 0,9**) 

Figures *♦ and 5 show that cold water are particularly w.de-sprea- 
-ding near islands during spring tides. 
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IV. U : 10 / 28/78 

Thermal structures are less visible and their contouring is 
less distinct due to the overriding presence of ahallow coastal cold 
water during this season. However a thermal front is visible, parallellincj 
tho shore. This appears more clearly on UCMM pictures of Nov. 78 and 
J^in. 79. 


QTJ..V 
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rig. 6 : HCMM scene (10/28/78) ; sea surface temperature 

V INTERPRETATION 

Each studied scene shows that the contouring of cold water areas 
corresponds fairly well to the isobaths. These areas are situated 
in zones where tidal streams are iittporcanc. T.ie water depth ana tne 
current velocity have a fundamental part in spreading the cold water 
area . 

Several authors have already emphasized the importance of tidal 
currents in the formation of thermal fronts separating two water masses 
with different temperatures, especially near shoals and islands 
(FEARNHEAD, 1974) . 
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V. 1 Formation of thermal fronts : OF POOR OUALITY 

During spring and suimner, in regions of sufficient depth and weak 
currents a seasonal tlterraoclino is established offshore, separating 
warm sea surface waters and cold bottom waters . 

In shallow waters more in shore, tidal currents create a turbulence 
which mixes the water column and presents tlio formation and development 
of tlie thermocline. It is for this reason tliat tlae sea surface tempe- 
rature is colder in those shelf regions than it would be if thermocline 
existed. 

The presence of tliis tliermal front around British Isles, between 
stratified water and well mixed water has been studied by PINGREE and 
GRIFFITHS (1978), These autliors have proposed a numerical model to 
detorjninate the position of the thermal fronts by the equation ; 

S = ’ whei*e : h is the water depth 

is the bottom drag coefficient 
u is the current velocity 

Tliey have predicted the position of the front in aoiies where 1<CS<2 
and have pi'oposed following classification : 

S> 2 : stratified water 
S = 1 ,5 : transitional Water 
S<1 : well mixed water. 

3 

The importance of the term h/u in the localisation of fronts on tlie con- 
tinental shelf Kas been shown by SIMPSON, ALLEN and ^JORRIS (1978). 

RAILLARD (1976) described t)ie formation of Ushant front and GARZOLI 
proposed for tliis front, a critical value of the Richardson number for 
determining tlie boundary between stratified water and well mixed water. 

She has proposed ; . h/u^ <1 in well mixed water 

h/u^ > 1 in stratified water ‘ 

V^2 Results : 

We applied these numerical models to our study region, from 
Belle lie island to Yeu island. Figure 7 shows stations where tlie water 
depth 'and currents were calcxilated. For each station, h, u, h/u 
and S were calculated. 
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According to these numarical models, water should be stratified in sta- 

2 

tions A and S (h/u > 1 ; S > 2) . 

2 

Water should be well mixed in stations F,G,H, J,R, M,P,Q, where h/u and 

S are less tlian 1 , 

2 

h/u and S reach critical values in stations E, L, N, R, in function 
of hydrological situations . 

Tlie boundaries between stratified and well mixed waters are shown in fig. 

2 

8. The h/u = 1 limit presents tlie same shape as the - 20 m isobath. This 
result is in accordance with HGMM scenes. 

Effects of diurnal heating are clearly visible on HCMM scenes, espe- 
cially in the bay of Bourgneuf where water depth is less than 10 or 15 ra. 

t 

Ground truth data and satellite measurements 

Data collected from sea cruises (fig. 9) provide a picture of the Ver- 
tical thermal structure near Yeu island. For example, during summers 1964 
and 1965, the tliermooline in B is situated between 18 and 30 m. This depth 
of thermocline seems to correspond with depth of transitional zone between 
stratified water and well mixed water. 
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Fig. 8 ; 'Flierjual fi’otit near islands (average position) 

A,B,C : N.N.D.O. data : coastal stations ( 



Pig. 9 : Vertical the^nal structures in A,B, C (ig61t,1965) 
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This study suggests that three factors are important in the location 
of thermal fronts ; 

- depth of the water column, 

- strength of the tidal currents, 

- distance from the thermocline to the sea floor. 

We proposed in Fig. lo a shematic interpretation for cold water area 
observed near yeu island (09/15/78) , according to previous results and 
observations . 


cold 
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CONCLUSION 

In this investigation, sea surface temperature measurements from HCMR 
data were used for the examination local and coastal thermal structures 
which had not been observed before from other satellites. Cold water areas 
near shoals and islands were revealed. In these regions, tidal currents 
in shallow water create a turbulence which destroys the thermocline so 
that the sea surface of the well-mixed water is clearly visible by its 
cooler temperature, and is separated from stratified water by a transi- 
tional zone where tlie thermal gradients are two degrees higher. Numerical 
models proposed in the study of thermal fronts near Brittany and British 
Isles can be applied to this specific case with a fairly good fit. 
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Introduction 


Recent AVHRR and HCMR infrared images of the Ligurian Sea have revealed, 
thanks to the improved radiometric performances of these instruments, a 
much more complex surface temperature field than one could infer from pre- 
vious VHRR observations* The images exhibit raesoscale eddies and tongues of 
colder or warmer waters, which give a characteristic inhomogeneous aspect 
to the surface temperature field. This spatial variability captured on satel- 
lite imagery has already been reported by DAHME et al (1971) and STOCCHINO 
and TESTONI (1977) from in situ experiments. 

NELEPO et al. (1978) argued that the temperature field in the homogeneous 
layer is, to a large extent, subordinated to the pattern of the eddy field of 
the mesoscale perturbations. Thus, the investigation and modelling of the 
processes generating tlie horizontal singularities in the homogeneous layer 
are an important and inseparable stage of the research into mesoscale varia- 
bility of the ocean that has developed with tlie employment of remote sensing 
techniques . 

With this in mind, and also with the intention to better assess the mooring 
positions during the DYOME in situ experiment (the DYOME experiment is a 
part of the GARP Med-Alpex program), the C.T.A.M.N. entered upon a statis- 
tical study of mesoscales eddies detected in the Ligurian sea. 

I nventory of mesoscale eddies detected in the Ligurian Sea 


AVHRR scenes v?ere used, along with a few HCMR ones. All data were geometri- 


cally corrected in order to obtain the same projection for the different 
images. No filtering or smoothing was applied to the data. By displaying 
the data on the interactive processing system TRIM of the C.T.A.M.N., the 
central axis and diameter of the eddies were determined, and stored with 
additional information concerning date and rotational direction (cyclonic, 
anticyclonic) of the eddies. 

Out of seventy-five cloud-free images examined over the course of a year, 
thirty-nine exhibited mesoscale eddies (52 %) and the total number of eddies 
detected was eighty-nine (table 1). Note, that the frequency of anticyclonic 
eddies is three times more numerous than cyclonic ones . However except for 
May, June and July, the montly samples did not contain (enough observations' 
to be representative of the situation. The diameter of the eddies ranged 
between 20 and 50 km v/ith a mean value of 30 km, and was independent of the 
rotational direction. In figure 1, the central axes of the eddies are plotted. 
One can notice that most of tlie eddies are located south of the midline of 
the Ligurian Sea oriented NE-SW. 

Discussio n 

In the Ligurian Basin (figure 2) , the general circulation is cyclonic in 
the surface and intermediate waters. However currents from the east and 
west of Corsica merge north of Cape Corse creating instabilities in the 
mean flow. Eddies are generated to either side, with the predominant number 
being produced N.E. of a.line joining Nice and Calvi. This result is close 
to SALUSTI's conclusions (1979) which were based on the work of Me CREARY 
and WHITE (1979) . It is likely that the presence of a sand bank in the tra- 
jectory of the mean flow contributes to the distribution and complexity of 
the eddy pattern. Unlike the Gulf Stream meanders which tend to produce 
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anticyclonio eddies north of the current and cyclonic ones south of the 
current, the mechanism generating eddies in the Ligurian basin appears more 
anomalous. To achieve a more complete understanding of the phenomenon, wind 
effect, residence time, and displacement speed of the eddies must be examined. 
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Table 1 - Summary of mesoscale eddies detected through the year in the 
Ligurian Sea. 


Month 

Images 

analysed 

Images with 

mesoscale 

eddies 

Number of eddies 

' anticyclon 

to cyclonic 

wm 

January 

i 

0 

0 

0 

0 

February 

7 

5 

1 

7 

8 

March 

8 

3 

5 

0 

5 

April 

6 

1 

1 

0 

1 

May 

13 

5 

7 

4 

11 

June 

5 

3 

4 

0 

4 

July 

9 

7 

13 

3 

16 

August 

9 

6 

15 

2 

17 

September 

7 

5 

11 

9 

20 

October 

3 

2 

4 

0 

4 

November 

2 

0 

0 

0 

0 

December 

3 

1 

3 

0 

3 

Total 

75 

39 

66 



23 

89 
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Fig. l.b - Location of mesoscale anticyclonic eddies 
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57 

22NAY7a 

26- 3600-3 

58 

22MAY78 

■ 26- 3o?0-3 

59 

23MAY78 

27- 1440-3 

.V. 60 

23MAY78 

.. 27- 14 40-3 

' 61 

23MAY76 

27- 1450-3 

6Z 

27 MAY 78. 

„ — . 2.7 -- .14 5 0 - 3 .- 

SWn»».n ^ 3 

-23MAY78 


64 

23MAY78 

27- 32.00-3 

65 

24MAY7S 

28- 2020-3 

(S' ^ 

-24m AY 78. 

2 Q ^ 0 

67 

24MAY78. 

.. ... 28-1 2550-1- ■ 

68 

24MAY73 

rS- 125 '^ 0-2 

6 9 

2 4MAY ’’a 

28-1 2570-1 

-r »• T 7 ^ 

- 24MAY70 

■ »-™2S-1 2570-2- 

7- 

2 5:iAY7s3 

29- 2?1C-3 

77 

25MAY7S 

29-13140-1 

73 

25MAY73 

29-13140-1 

74 

25MAY78 

20-13140-2 

75 

2 5HAY-’3 

29-13140-2 

76 

2 5MAY-’3 

29-l3i '•0-1 

77 

P5MAY73 

20-13150-2- 

7? 

25MAY78 

20-13170-1 • 

79 

25MAYV3 

27-13170-1 

36 

25MAY75 

29-13170-2 

s-i 

25MAY73 

29-13170-2 

s? 

.. 26MAY73 

„..™..70- 2370-3 

83 

. 26I1AY7S 

30- 2380-3 

84 

26MAY78 

30-13310-1 

8 5 

26MAY78 

3H-13310-2 

86 

. 26MAY78- 

— _.3n-.i 3330-1-- 

. 87 

26MAY73 

■ •• 20-13330-2 

88 

H6MAY73 

3.0-13350-1 

89 

26MAY7S 

30 - 1 3750-2 


9 0 . 26MAY^7B'^ ...30-1 3 3 AO-1- 

91 P.6MAY7S 30-13360-2 

92 27MAY78 31- 2S40-3 

93 P7MAV73 31- 2560-3 


- .,.-7 «« 

95 . 

C 1 iM ^ 1 » - 

27KAY7S 

....31-13510-2. 

96 

27MAy^5 

31-13530-1 

9? 

27MAY78 

31-13530-2 

98- 

*“2 7 M A 7 8 — •• 

— 31-1 3540-1 - 

99 

27MAY7B. 

.. 31-13540-2 . 

ion 

2SMAY73 

32- 3120-3 


location Scene fioe eTat c 



41 .5SN 

P.38W . ■ 



A 8 . 0 IN 

4.41W 

312 

R 

! ^ S • 0 (l] 4 1 ^ ‘1 W ■ •« •*/..! 

312 

R. 

54.04N 

.... 7.0SE 



54,o4N 

■’.08E 



52.30N 

- 6.02W ■ • 


C 

46.P7N 

...■8.23W.. 


c .. 

42.47N 

10.07E 



42.28m 

1O.01E ... ......... 


.. . .. , 

36. 4 ON 

8.19E 



-36.22N- 

— •-* - ^ ^ ^ 4 E -^****** <•*»*-*■* ■**"-■ 



52.55N. 


.VVWV' \VVVV>I kk* • kko k 

46.S2N 

1 2 • 50W ' 

31 S 

. R . .... 

47.47N- 

S.49E . . .. 

720 

R 

-37.41N 

■in**.. ^ g ^ 3 H 


... .... 

36.16N. 

' * • Q •’ 3 3 • ’ *.|.*»*« kVV 

.Vk • 

.... 

36, 1 6 f ; 

9.35E 



42, 40t1 

7,*t7E 

312 

R 

-42.40N. 

— -Ml.— y g 4 7 E ' t 

312 

R 

39.7??. 

.opc 

If D n 

S' 

R 

37.22N 

4 . 4 0 E 



37.40N 

4 . 3 5 E 



37.22N 

4.40E 



37.40M 

4.35f: 



43.26.N 

7 , 50C 


C 

43 . ?6N 

7.50E 


C 

• 49 , 29N 

.. .42E ■ — . 


.. . 

49.47N 

.35 0 

310 

R 

49,?9M 

.42E 



49 . 47m 

,35E 

310 

R 

48.31N 

.,1 ,41U . . 

320 

R 

42.26N 

. 3.45W ... 

320 

R 

35.27M 

.39E 



3S.77N 

.39E 



-41 .32fJ. 

--..1..06W- ■ 



41 ,72N 

. 1 , 0 6W ..... . . . .. ... 

k . . . 


47.36m 

T..0SW 


C 

47 . 36 N 

,08V( 


c 

-bZ 3S.*'. 

,5 34 VI 



5 3. 3 ON 

5i34w 


• 

5 0 . 2 5 N 

5.32W 

.720 

R 1 

44 . 2 IM 

• 7 . 4 4 VI 

320 

R 1 

.40. 5 ON 

- 5 . 23U ^ 

. . ... 


4C.50M 

. 5 . 2 3N 



4 6 , 5 4 N 

7.27W 


C 

46.54m 

7.27W 


G 

-52. 56 N 

. 0 g 5 0 -.■■■.■ ... 



52.56N 

..... .9 , 5 ow..... . . ... 

... . 

.... 

53.05N 

9. OOVI 




■*^1 1 


-» «.S% •' 


H-3 


oBrnm PAGE fs 
OF POOR. QUALITY 


■> *NQ* 

...OATt: . 

IDENTIFI-CATXOtw 

....location., Sr.CNE 

..ODE.. 

ETAT. 1) 

^ 101 

28MAY73 

32- 3100-3 

47.02M 

11.23W ' - • 



' ' loa 

28MAY78 

™ 32-1 2350-1 

b0,08N 

.. 11 ,02E-. 



; 103 

2SMAV?3> 

- 32-12350-1-. 

51 ,3SN- 



104 

2SMAY”8 

32-12350-2 

50.03N 

'1 1 . 0 2 E 



105 

2nHAY'’S 

32-12350-2 

51 .3SN 

10.26E 



106 

20MAY78 ' 

12 360-1.-^ 

-56.03N- 

r,2 2E-— . - 

„320 

K .. 

107 

2Sr.AY7S 

- • 32-12360-2 

5 6 . 0 8 N 

0.22E 

320 

• r? 

100 

20ftAYTS 

• 32-14110-1 

46.49N 

12.01W 



100 

2SMAY7S 

32-14110-2 

46.49N 

12.01W 



»r.. -,-«*»• 1 1 A 

. . 3 Q M A V fl... 


4^3 3 7.U~ 

- 0 A 7 K 

,.360 

.. R .. 

- 111 

• 2 9m A Y S '.■.vvv.fv.3 3 t "I 5 ? 0*^5 » ' 

‘4T.37N‘ 


,362- 

..... R • ... i 

11 ? 

29MAY78 

33- 1520-6 

43, 37N. 

8.47E ... 

343 

R 

113 

• 29MAY78 ' 

'-33- 1520-7- 

43.37N- 

' Si 4 7 E‘ •. »• ", ’ 

343 

.. R . .. 

- 114 

•■-29MAY78 ■ 

-33—-1 5?0-0“- 

-39.42N- 

— 5^56E 

-360 

R 

> 115 

• 29MAY78 33--1 550-3 - 


“303 

R 

116 

29MAY'»3 

33-, 1570-3 

37.29N 

5. ISC 



117 

29MAY7S 

33-1 25'i0-1 

39.S6N 

0.57E 

293 

R 

IIS 

?.9MAY'^3 ■ 

• 33-125O0-2 

i9.s6N 

■ o.SZE 

29 3 

R 

119 

29MAV70 ■ 

3.3-1 2520-1 

46* OIN 


294 

R.... 

12'' 

PO’^AY-O 

33-12520-7 

46.01N 

7.59E 

294 

R 

121 

29MAY-’S 

33-12530-1 

52 . 03N 

5.40E 

320 

R 

122 

29MAY78- 

» • 3-^-1 2530-2 • 

52.03N 

S , 4 0 E • -■ 

3?0 

R 

123 

n 1.1 A Y 3 

34- 2-'2'1-3 

50.41N 

5 ,06E 

303 

R 

124 

3CI1AY7S 

34- 2l?0-4 

41 .46N 

4.47C 

516 

R 

125 

3r.‘tAY*’3 

34- 21P0-4 

43.32N 

4 . 1 4 E 

328 

R 

126 

30MA Y78 

' 34- 2120-5 • 

4l . 46N 

4,476 ■ • 

516 

R 

127 

30MAY78 

34- 2120-5 

43.32N 

4,14c 

325 

R 

128 

3GMAY73 

34- 2120-6 

41 .46N 

4.47E 

181 

R 

129 

l'iMAY'^3 

34- 2120-6 

43.32N 

4.146 

333 

R 

, 13-^ 

3-:'MAY73- 

34-‘ 2120-7 

4l . 46N 

4,47c '■ 

181 

R 

131 

30MAY73 

34- 2120-7 

43.-'2NI 

; 4 . 1 4 E 

333 

m, 

n 

132 

3rMAY73 

34- 2120-8 

37..01N 

.376 

516 

R 

133 

3CMAY-’3 

34- 2120-5 

36.56N 

.366 

328 

R . 

‘ “ 134 

' 30MAY^a 

'■34— *213 0— 3 • 

•44.37N" 

-■“-2.53E -■ 

303 

R- 

135 

■30HAY7S 

- - 34- 2130-3 

50. 05N 

' 4,30c ■ • • 



136 

3CMAY7S 

34- 2140-3 

44 . 37N 

2.53c 


C 

137 

30f1AY"8 

34- 2^50-3 

3S.31N 

1 .02c 



13S 

30MAY78 • 

■ — -34— 22^0-3 " 

-56.1 3N • 

■ 3.00E-— • 


„..c ■■ - 

139 

30MAY73 

>• >•> !i4 — 1 3 07 0 — 1 ■ 

36,17\' 

•'"'6.25E > .>• ............... .. 

■ ■ ■ ■ *v 

. . . ^ .. . , 

14^ 

3CMAY78 

34-13070-2 

36. 17N 

6.25E 



141 

30f-'AY'’3 

34-13030-1 

3S.5 0.N 

• 5.41E 

294 

R 

142 

30MAY-’o • 

34-1 30.30-2 

38 . SON 

■ S.41 E - ■ 

294 

R 

143 

3DHAY73 

34-13090-1 

44 . 55N 

3.47E 

304 

R 

144 

30MAY73 

34-13090-1 

42.22N 

4.37E 

304 

R 

145 

SOMAY'^S 

34-13090-2 • 

44 .55N 

‘ 3.47E • ■ 

304 

R 

IJ. A 

« *< nK\ A v.^ Si^. 

n n A— 3 

0 3M— 







*f ^ • C, 




147. 

.30HAY7S 

■ -34-13100-1 

48 .26N- 

2 , 3 2 c ' ' 

303 

R 

140 

3CMAY7S 

34-13100-2 

48. ?6 h 

2.32E 

303 

R 

149 

3nMAY78 

34-13110-1 

bO .56N 

1 .33E 

321 

R 

-15 0“ 

— 30-MAY73- 

34-1 31.1-0-2- 

-bO.SSN- 

- ■1't33E' 

-3 21" 

R'--“- 
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H-4 





•NO* 

OATE 

identification 

location Sr.lNE 

ODE 

ETAT 1 


.4 51. 

....30 MAY-78.. 

4’^ 1 >3 12 0 “ 2 7 N ■ 


303 

.R . 

s 

152 

30MAY73 

.• 34-131 20-2 

54.27N 

. ,010 X- 

303 

f. 

; * 

153 

31MAY73 

35- 2280-.3 

56.13N 

3.00E 

113 

R 


154 

31HAY78 

— 35—2300-3 

50-.47N- 

, 3 4 

313 

R 


155 

31MAY75 

.... .-35— 23oO— 3" 

50.t1N 

1 9 G *'*'**^*'»**‘ ■ .* 

. .. . 

c 


156 

31MAY73 

35- 2310-1 

44.43N’ 

1 .38U 

299 

R 


157 

31MAY78 

'•-•35- 2320-1 

44 .07N 

1.50W 


C 


15P 

31MAY-S 

35- 2330-3 

.>8.n1N 

3 .41W - - 

- 



159 

31MAYV8 

35- 23’<0-3 

35.37N 

3 • 3 0 U . . .. V - ».«• 




160 

.31 M AY 78 ■ 

. ' .15-21320-1 

35.40N 

119.30W ’i ; 

304. 

. . R ■■ 


161 

31MAY’’8 

35-21320-2 

iS.40N 

119, 30W 

104 

R » 


.,162 

‘-•■1JUM78. 

..24 80-3 ■ 

■ 51 .25N 

rare ^ 9 ^ A •— *— wmiMnaMr^zeia 


. 


- 1 63 

.. v'-i J U N V'8^'"^",>'..v■3 6**' 2490**3 * ' 

•45.21N‘ 

’•'.'.‘V ‘ * 0 0 W VsS'^SV*' 

« X 4X V. VSX XX vsv\sx . •. X xx*.x V* 

» 

164 

1JUN73 

■' 36-13440-1 

38.45N 

3.23U ‘ : 

321 

R 

• 

165 

1 jUM‘»a 

• 36-13440-2 

3S.35N 

7,23W 

321 

R 


166 

-••• 1 JUN78- 

^'-3 6-13460-1 * 

42vOON' 

• “'4 , 2 5 W ' — — ”■* 

■ 



167 

■ 1JUN78- 

. V. .. 36-1 34 60-1 

44.40N 

■5.17W 

321 

R 


163 

1,)U.'‘ ?£ 

36-13460-.2 

'♦2.9 0.N 

4.25U 




169 

" J U N 7 8 

36-13460-2 

44. 4 ON 

5 . 1 7W 

321 

R 





k A / t M. 

-T 1 ^ i.i 




“ 1 f r 

“• * 1 Jut'' ' 0‘ 

jO^I ^ U r U** t 

— M • A ^ N ■ 





171 

1JUN70 

36-13470-2 

50.43N 

7.31W 




172 

2JUf;*’.5 

37- 3060-1 

51 .12N 

2.25W 




173 

eJUKTS 

37- 3n,c}.n-3 

45.03N 

1 A , 4 1 W 




174 

?JU(v73 

- 38- 1 4®0-4 

4.1. 89N 

I^.IIG 

197 

R 


175 

3 J U f< V 3 

38- 1480-4 

43.80f* 

1 0 . 1 1 E 

331 

R 


176 

T.JOi.rS 

3G- 148^-5 

43.39N 

1 A . 1 1 r. 

194 

R 


17? 

3 J UN 78 

38- 1450-5 

43 . 89n 

lA.IlE 

134 

R 


17R 

3JUiN78 

•- 38- 1480-6 

43 , 39N 

1 A . 1 1 E 

182 

K 


179 

3JUN7S 

33- U8.0-6 

43*39N 

10.1 IE 

330 

R 

' 

1 Sf' 

7 JU.'JyS 

3.S- 1 48 0-7 

4 3.39:. 

1 *.110 

152 

•y 

.. 

181 

3JUN’?8 

3o- UfiO-7 

43, 39M 

1A.11E 

130 

R ! 


182 

3JUN78 

™-3S- UBO-3 

34.57N 

6.00E . 

182 

n 


183 

. 3JUN78 

■ . .33- 1480-3 

34.52N 


331 

R 


184 

3 J U N 7 3 

38- 1490-3 

41 .46M 

■?.56E 

294 

R 1 


135 

3 J UN 78 

38- 1510-1 

35.39N 

6.11E 




186 

3JUN75, 

35-12440-1 

■40.54N. 

.1 1 , 040.. . — . 

304 

.. R 1 


187 

3 JUN7S 

.. 38-12440-2 

40.54N 

1 1 .040 .. . 


c 


188 

3JUN’'S 

38-12460-1 

46.59N 

9.040 

304 

R 1 


189 

3JUM78 

38-12460-2 

46. 59N 

9.040 

304 

R ( 


190 

--3JUM73- 

38-12470-1 - 

-53.01N 

6. -4 00. — 

-304 ■ 

. R . ( •• 


191 

3JUN73 

38-1 247.0-2 

53.01.N 

6.4 00 

304 

R i 


192 

4JUN78 

39- 2r'4 0-3 

55.46N 

8.440 




193 

4 JUN78 

39- 2050-1 

49 .44N 

6 . 0 6 E 




■19 4 

-4 JUN'^S 

™- 39- 2A70-3 - 

43.39N 

7.570 

. . 



195 

4JUN7S 

.. . 39- 2090-3 

37.3 2.N 

■ 2.070- 


C 


196 

4JUN?a 

39-13020-1 

39.56m 

6.470 


c 


197 

4JUN78 

. 39-13070-2 

39 . 56N 

6.470 


c 


„ 198 

~-4 J UN 78- 

— _3Q-13010-1 ~ 

-46,.nlN 

4.490-- ... 

- .. 



. 199 

■ 4 J UN 78 

.^o-isoio-a 

46,01N 

•4.490 




200 

4 JU.N7S 

39-1 3o50-1 

52.03m 

2.290 


c 
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9F.PQQR QUAUiry. 


★ NO* 

■ l*t. ••••IT 1 • » n 

^ATE..^v.. IDENTIFXCATIQN 

. .V .- . location ■ 

" Sr. ONE 

.00E..E 

TAT D 

201 

4JUN-»8 

' 39-13050-2 

S2.03N 

- 2.29E 


, 4 

C 

202 

5JUN78 

4 0 — • 2 2 ? 0 — 3 

-55.30N 

"'““4 .038' 

ran**.. •nrt? • 

354 - 

R 

203 

5 J UN 7 8 

'■ 40- 2250-3 ■ 

43»23N 

. *418- 


-V'* ■'« 


204 

5JUN7S 

40- 2270-3 

37.16N 

2.30W 




205 

5JUN-»8 

40-13200-1 

40.52N 

1.56E 




206 

5JU.\78 

- 4 0-13200-2 ■ 

”40. S2N 

- ™l .56E 

* *'• *'l 'll 1 II * '»» ■ wuM.v fvw a- 


. » 

207 

SJUN ?8 

• 40-13320-1 

■■46.56N 

. 02 H 

ii\ • . . m* .4* **’••.. . » 

• -• * 


20 B 

5 JUN'i’S 

• 40-13330-2 

46.56N 

. 020 ’ 




20 *’ 

5JUN7S 

40-13?40“1 

52.59M 

2.26W 




210 

— SJUN78 

4 0-1 3? 40-2 

••52^59N- 

— 7a 26W 



■ rs3 X 

•211 

6JUN7S' 

'"""■"‘41 — 13370—1 ■ 

•35.23N 


■•'C 

212 

6JUN78 

■ 41-1 3370-2 

i5.23N 

1.05W 



c 

213 

6 JUN 78 

■ ■■" 41-13300-1 

'41 .29N 

2.51W 

%, ... .41* SV ,v 

, . . .... 


" 214 

■ 6 JUN78' 

——4i -13 390-2 - 

-4lr29M- 

"*«"7;51W* 

..nw P-* ,*-*«• •*-< * 


215 

6JUN78' 

"" 4 1 -1 34 00-1 ■ 

47.33N 

4.53W 

•»* KVKVSAV4*4SS«'VV>«I>«4V4»44%>4>«M|.<.4 4 1 

.-c 

216 

6JUN78 

41-1 34O0-2 

47.33N 

4 .53W 



c 

217 

7JUM*»8 

42- 3^70-3 

42.74N 

I^.OSU 




21 B 

3JUN73 

■ ■ * 4 3 - 319 0-? 

46 . OON 

■ 13.32W 




210 

eJUN78 

43- 4110-1 

i3.?5S 

l5ft.41E 


363 

R 

2?0 

sjUN-8 

4 3- 4110.= ';; 

33. 75$ 

l5-0.4ir 


363 

ip% 

221 

3 

4’'-1 2?70-1 

34.45N 

14.1^5 8 




222 

8 JUN^8 

43-1 23?50-1 

41 .30N 

1?.2CFi 


294 

R 

227 

njUN73 

43-1 2fao..2 

41 , 70N 

17.2CC 


794 

rs 

l\ 

224 

0 ju.';7u 

44- If: 9 0-3 

5O.04N' 

. 4 c i: 




225 

9JUf 78 

44- 2010-3 

43 . 59N 

5.300 




226 

ojuK-’a 

44- 2n?0-3‘ 

37.53N 

3.40E 

. 



227 

9jUN-^3 

• 44-1 2?00-1 

38. 41N 

8.34 5 

• 



22 S 

9JUN7S 

44-1 2550-2 

i5.41N 

.'5,34 5 




220 

9ju*;-»5 

44-12570-1 

44 , a6 N 

6.405, 




230 

9 JUN’’8 

- 44-1 2570-1 

44.46m 

6.405 




23^ 

9 J UN 7 3 

44-12580-1 

3 0 . 5 0 N 

4.26 0 




23? 

9 J UN 7 3 

44-12580-2 

5 0 . son 

4.265 




23? 

10JUN7S 

45-13130-1 

36. 36 m 

4.355 




234 

-■ 1 0 JUN‘-»8- 

45-131 70-2 

-36;36N 

"4.355 



. . 

•235- 

■••10JUN7&- 

45-1 3140-1 ■ 

4 2 . 4 1 N • 

• 7*465 


4 


236 

1 0JUN*»S 

45-13140-8 

42.41N 

?.46E 




237 

1 0 JUN7S 

45-131A0-1 

4S.46N 

.40F 


307 

R i 

-238 

lOJUN’^S- 

— 45-13160-?.-- 

■* 48 , 461 ^ 


.30 7-.- 

R- ; 

239 

10JUN78 

45-13180-1 

‘3A.47N 

‘ 1.52U 

. . . 4 . 

- V 

•k' 

240 

lOJUf.”?a 

45-1 3l ;-'0-? 

b4.4?N 

1 .521, 



* 

241 

11 JUNE’S 

46-13310-1 

35.45N 

.165 


313 

R 1 

24? 

1 U UN 78 

46-13310-2 

35.45m 

, 1 6 E 


313 

R 1 

243 

11 JUN’S 

46-13370-1 

41 .50N 

1 .295 


363 

R 

244 

1 1 J UN 78 

46-13370-2 

41 .50N- 

1 .29U 


363 

R 

245 

1 1JUN*»8 

46-13340-1 

47.55N 

3.33W 


313 

R 1 

- 246 • 

--11 JUN78- 

—>-46-1 334 0-2 

"47 , 5 5N" 

.3 • ' 3 3 W “ 



-313 - 

R- ! 

247 

11 JUN7S- 

46-13360-1 

53 . 57N 

■ 6 . 02 W 



C 

24 S 

1 1 JUN78 

46-13?60-2 

53.57N 

6.0 2 W 



c 

249 

1 2 JUN78 

47-13500-1 

42.12N 

6.13W 


355 

R 

”'250-- 

“1 ? JUN78“ 

- — 47^13500-2 - 

"4 2.12 N’" 

“■—6 4*1 3U~ 



-35 5'— 

.(V ...... 


ORIGINAL PAGE IS 
OF POOR QUALITY 


H ~6 




*N 0 * 


path IDEIyTIr*IC^TIO^' lOCaTJON SnENK DDE ET«T 




251 - 
25? 
2S”« 
25A 
25 5 

256 

257 
25P 

259 

260 
261 
262 
26 !^. 

264 

265 

266 
267 
26 ? 
26«> 

■270 

271 

27? 

27 ’ 

274 

275 
27 ^ 
27 ’ 
277 
279 
250 
281 
28? 
2 x 5 3 
2S4 


1 . 2 JUt 4 . 7 a 
124U^78 
13JUN75 
13 JUNVS 
13JUN78 
'S 


x«'*v»vvA '7 “ 

. ■ 47 - 


13520 - 1 . 
13520-2 
48- 1370-3 
48-3110-3- 
48- 31?0 
48-12350-1 


‘ 4 1 6 N«xs'J 4«8 » 1‘7 


•T 3 — 


48.16N 
41 ,26N 
52.49N 
46,46M 
55,?6M 


8.17W 
10.41E 
^o, 28 W 
• 11.51 h' 
P.24E 


355 

355 

354 


^R. 

R 

R 


»#*♦•»•%**•!'»*** 


1 3JUM78 

4S-1 2350-2 

55.26N 

8.242 


14 JU.S'78 

.. 49-12490-1 

40.04M 

Q.3SE-™. . - . « ~ ' 


1 4JUfx''’8 

. 49-12490-2 

40.04(1 

9.382 


14JUN7B 

49-12510-1 

46 . n9.s 

7.4 02 X. . , .. . 

1 — * 


14JUN76 

, 49-12510-2 

46.09N 

■7,40G 

'' 

.■14JUM78. 

,._49-l25?0-1 — 

.52.12N.. 

-. 5.20 E^.. — 

~ ■* 

■ 144UfJ73v 

.v.xx «.4 9 - 1 2 5 ?. 0 - 2 — 

.5 2.12 N- 

- 3 • 2 C It ‘ •‘*•*»"^'** 

- • « t t, 

15JUM78 

■ SO- 2090-3 

55.49M 

' 7.03E , 


1 5 JUM78 

50- 2lin-3 

49.47N 

4 . 2 5 E • 


.-15JUN78- 

, -2120-3- 

43.4 2N- 

■ "•^*2 • 1 ^ E T, 

» rr »* • • 

1 5 JU47x8 

■ 50- 2140-3 

37.35N 

- .26E 

•• r* r* 

1 5 J U !•. 7 8 

50-13R70-1 

4 0.05*! 

!; n ■< t- 

35 5 

1 5 JUM78 

50-1 3o’0-2 

4 0 . 5 N 

5.032 

355 

- 15JUN78- 

50-131 00-1 • 

• 52.13M 

,462 


ISJU-'-^a 

Sn-131 nn-2 

52.131, 

.462 


1 5 JUN7S 

50-13120-2 

58.1 AM 

2;icw 


16JUN78 

51- 2?70~3 

56.2011 

2.44 2 


10JU^78 

51- 23?0-3 

38.07M 

. ’.59'w 

307 

1 6 J U 7 3 

51-13240-1 

37.00M 

1 ,232 


16JU*x**5 

51-''3240-2 

37.0 ON 

1 ,232 


1640^ ’S 

51-'' 3240-1 

47, 0 6 M 

.262 


16JUN’3 

51-1 3260-2 

43.061 

,26E 


16JUf.’3 

51-13280-1 

49 . 1 ON 

2.34VJ 



16JU^:’8 
1 7 JUN’8 
1 7 juf-irs 
1 7JU.‘;"’3 
17JUN73 
17JUM78 


5V 

52 

5? 

52 

5? 

52 


1 3 na 0“2 
2450-3 
2470-3 
2490-3 
13430-1 
13460-1 


49 , 10 .'! 
> 5 . 38 N 
49. 35N 
A3.31N 
37.35m 
49.45N 


?. 10 W 

4 . 4 7 -m' 

6.5 5W 
3.2PU 

7. 2 0W 


.. 286 

. 17JUN78- 

57-1 3460-2”- 

-49.4 511--^ 

._7,2 0W — 

" 

. 

287 

18JUM”3 

.. . 53- 3053-3 

5 1 . 3 5 11 

n.33W 


354 

2SB 

1cJUr;7S 

5*'- 3060-3 

45 .3111 

1 5 0'.-i 


354 

289 

IRJUN 'S 

53-140’-0-1 

46.05N 

1 0 . 34W 


30 5 

29 0 

18JUN73- 

,53-1 4030-2" 

.46.A5M ■ 

.10.34U.- 


_ 30 5 

29-1 

1 SJUN7S 

53-14050-1 

52.09M 

12.54 


30 5 

292 

1 BJUM’3 

53-14050-2 

5 2. o9N 

1 2 . 5 4 W 


30 5 

293 

1 9 JUN7S 

54- 147C-3 

45 .45(1 

P .53S 


305 

.. .294 

19 JUM78 

54-. U90-3 

39.40N 

7. 02R 


- 305 

295 

19jUls‘?8 

54 - 12430-1 

42 . 46 N 

I 0 .I 6 E 


294 

296 

19JUM78 

54-12430-2 

42.46N 

I 0 .I 6 E 


294 

297 

19JUN78 

54 - 12450-1 

48 . 5 IM 

? . 1 0 E 



29 8 

. lOjUN’S* 

54-1 2450-2 - 

- 48 . 51N ’ 

-8. 10 c . 


^ 

299 

1 9JUN7S 

,xx.xx-54-1 2470-1 ' 

. 54.53M .. 

■ 5.35E - 

.. , - 

... . 321 

300 

19JUM78 

54-12470-2 

54.53M 

5.35c 


3 21 


R 

C 

C 


P 

R 

R 

R 


SxSvWV. 


or cc oc ac cr 


H-7 


Of?^Q/JV4L PAri? 

OF pnna ^3 

^00/? QUALITY 




f.Htmtt mt* 


*tiO* DATE- - IPEIiTI niCATlON 


location 


ScEi'iE 


DDE ETAT 


301 20JUN78 


307 

3on> 

309 

*•310* 

.311 

312 

313 


327 

32P 

329 

33n 

331 

332 

333 

334 


34 0 
34'' 
34 2 

343 

344 

345 

346 

347 
34/^ 

349 

350 


55-' 2030-3 lj2.43N •• ■7.05E 


302 

- 20JUK78 

-5 5—2030-3- 

■•5 2i58N-. 

- 7 -.11E -^ 

303 

2 (' J U N 7 8' -"s*” 

55- 2040-3 . 

..52, now... 

■’ 6 ’. 4 6 E*'. » 

304 

20JUN78 .. .. 

55- 2050-3 

46.40N 

4.43E 

305 

20JUN78 

55- 2050-3 

45.56N 

4.27E 

306 

2r JU.V78 

35- 2050-3 

46.54N 

4.47E . - 


296 • - R 

..... C 


296 


R 


20JUN73 

2CJU!;73 

2''JUN73 

-20JUfY78. 


5-5 70 

55- 2070 
55- 2070 
-55-13000 
2 0 J U N 7 3 w..N.vv.y5 5 — T3 00 0 
55-13020 


20 J UN 78 
20JUM78 


3> •» 4 0 . 4 SN.' 
3 40.34N 

3 39.49N 

1— 39.00N- 

2- ...-39.00fI. 


2.43E 

C 

_2.94—- R— ■ 


1 

55-13020-2 


45.05N 

45.05N 


2.30E 
-6*5 0E. 
6.50C 
4.55E 
4.55E 


R 


295 

295 


22JUN78 
22JU.N78 
22JUN73 
22JU-‘J*^8 
2?JUfi78 
23JUN‘:’3 
23 JUN'^S 
23JUM"8- 


57-137.70' 
57-1 3390- 
57-1 3’, 90- 
57rl3400- 
57-13400- 
53- 2590- 
53-1 3550- 
-58-1 3550- 


4l 

47 


. 03N 
.13N 


47.13N 
5 3 . 1 7 N 
53.17N 
47.49N 
41 .11N 
'•1-.11M- 


?. 

4.. 

4. 

7. 

7. 


y - 


561-; 
5 8U 
5 8W 
23W 
23W 
34W 
3 0U 
•3 0W- 


335 

23JUM7S- 

.•.—v58-1 3 570-1 

' 47.17N 

.. 9.31W- 

336 

23JU.‘-'7S 

53-13570-2 

471 17N 

•9.31 U’ 

337 

24 JUN‘78 

59- 1410-3 

42.31N 

0.22C 

33B-' 

24JUK'?8 ■ 

59— -14^0-3 

-- io, 74M - 

•. -’.-3 5E-- 

339 

24JUfv73 

59- 3160-3 

52.22N 

1 1 .20W- 


322 
3 22 


24JUK''S 
24JUN73 
24JUM‘?S 
24JUN73 
24 JUN78 
25JUM78 
-25JUM78- 
25jUfl78.. 
25JUM''3 
25JUN78 
25 JUri78- 


59- 3180 
59-1 23'’0 
5O-12-Z70 
59-12400 
-12400 


59 

60 
•60 

60 

60 

60 

•60 


- 1 560- 
— 1 580- 

- 2nno- 

- 2010 - 
-12540- 
-1 2540- 


« 7 

w 

-1 
.2 
-1 
-2 

•3 

-3-- 48 
•3 42 

■3 36 

■1 41 

•2 • 4l 


4 6 
4 2 
4? 
54 
54 
54 


. 1 8n 

. 34N 

.34n 

. 4 1 N 

.41N 

.26N 

v 23 N* 

.17N 

.lit: 

. 16M 
,16N 


17.40W 
1 I .47E 
11 .47E 
■7.07E 
7.07E 
9.19E 
‘-6.-49E- 
4.458 
2.59E 
7.39E 
- 7.39E- 


R 


314- 

- 20 J UN 7 8 - 

5-5 — 1 3 04^—1'- 

—51 .-ION- 

2*.39E~ 

— 295 ... 

,_.R 

315 

2C JUfy-73 

—. 55-13040-2 

51 .ION- 

*' **?• *^ ^ 

... . ..fc 295 ■ 

■ R 

316 

21 JUN78 

56- 2210-3 

56,1 IN 

4.04E 



317 

21 JUN78 

56- 2220-3 

50.09M 

-1 ,26E 



318 

21JUN-?S- 

— 56- 2?t*0-3 

44.04N 

- .43E- 



3*' 9 

?.-< jUN-’o 

■ 56- 2260-3 

37 . 58 N 

7.3 4W 

29 5 

R 

320 

21JIJN'^8 

56-13180-1 

36.42N 

7.S5E 

355 

R 

321 

21JUN78 

56-13180-2 

36.42h 

7 . 5 5 £ 

355 

R 

32? 

21 JUN78 .. 

56-13100-1 

-42.49N 

1 ,07E- 

.. ... 355 

R 

3?-^ 

21 ju;.7a 

56-1310Q-2 

42.49N 

1 . 0 7 C 

75 5 

R 

3?4 

29 JUI.'’8 

57-13790-1 

35.02?! 

"t .10'.; 

321 

R 

325 

22 JUi;78 

57-13350-7 

35.02M 

1.10'// 

321 

R 

326 

22JUN78 

-■ 57-1 33'’0-‘*. 

4l .0 3M 

2,56 y 




R 

R 


322 R 
322 R 


H-8 





ORIGINAL PAGE 13 






or POOR QUALITY 





^ t 

k «• •*»** *«. ^ A, 1... 



*N0* 

DATE IDCNTIPICATION 

location SrENG 

BDE 

ETAT 

. 3 5 Us.- H 5 J U M 7 8 ...»v . 6 n-1 ?.5 6 0^ t ... 

67.,21N 



352 

25JUsV7Q ' - 60-12560-2 

47,21N 

5,38E . 



■ 353 

26JUN7S > 61- 2160-3 

69.14N 

2.34E ^ 



354 

26JUN78 .= ...61-. 2170-3 ■■ 

43. ION 

• *•»»*»• 9 2 7 Ci * - ■» «(*» t St! • j; 



355 

. 26JUN78. «6l- >2l90-3 . ■ 

• 37.01N 

2 0 

.322,. 

.. . R .. 

356 

?6JUM’’8 61-13110-1 

36. 5.3N 

4,21 E 

322 

R 

357 

26JUN73 61-13110-2 

36.5SN 

4.21E 

322 

R 

358 

26JUN78 61-13130-1 

43.01N 

2.32E 



359 

26JUN78.. . ■ 61-13130-2 

63.n1f. 

2.32E 



36'' 

26JU\-»B 61-13150-1 

69.06N 

2.25E 



361 

26JUN78 — 61-13150-2 

40 . 06N 

- 2 , 2 5 E >'. *. .• 


A k ».N 

. 362- 

, , 2 6 J U W 78«.»—~6-1 - 1 3 1 6 0 - 1 - 

^55r08N 

— P Q U 

..358 

... . 

363 

26JUN78. 61-13160-2... 

b 5 ■ 0 ^ 1 0 W *• ■ * 

% 

't, ■ », 

364 

27JUN78 62-13?90-1 

35.01N 

• ■ ,19E . . -..t. 

322 

.. . R. 

365 

27JUM78 62-13?90-2 

35. AU' 

.19E 

322 

R 

366 

27JUNV8-.— -- 62-13300-1 •• 

41 . 08 N 

- 1 ,25W-...~~ — - - 


. ...... 

367 

27JUN-’8 62-13300-2 

41 . o8N 

1 • 2 5 W ' ‘ A. »»» » 

... 

. .. 

36« 

2®JU'!78 63- 25"0-3 

51 .35‘* 

5.36W 



369 

?8JU"73 63- 2530-3 

45.32N 

7.5 2W 



370 

2DJU.\78 -63-1 3690-1 

43.33N 

6.46W .. .. 

323 

R 

S?-! 

2SJUM?S 63-13600-2 

43.33N 

6.4 6W 

323 

R 

37? 

20juN''F 64-16 08 0-1 

46.61N 

1" .4*0W 



373 

29JUN“’S 66-14080-2 

4 4 . 4 1 N 

11 .40W 



374 

■'iOJUi“'’8 65- 1 5^0-3 

5 4 . A 7 f . 

1A.39E 



375 

3.‘'jU‘-v3 65- 1 530-3 

41 ,S9N 

6 » 0 3 E 

305 

n 

3 76 

3CJUI.78 65- 1 S50-3 

35.53N 

6 . 2 3 E 



377 

30Jb(.^3 65-1 26'^0-1- 

39.?2N 

o.43f 



37R 

30JUN7S .. 65-1 2670-2 

39. ?2N 

9 , 43E 



379 

3ajU(..73 65-1 26'’0-1 

45.29N 

7 . 6 7 E 



38'' 

30JU*l-S 65-1 24«0-2 

45.49N 

7.47E 



3S'' 

"JUL*’8 66-1 3as«-i 

38.1 or: 

5.30E 


c 

38? 

1 JUL73 . 66-1 3O50-2 

38.1 ON 

5.30C 


c 

383 

1JUL73 66-13080-1 

50.?1N 

■ 1 ,25u . 



384 

1JUL'»8 66-13080-2 

50.21N 

1 ,25E 



385 

2JUL^8 67- 2?70-3 

50.36N 

. 02E 



. ^ fl iL- 

iiif •* ^ n 0 n 

."TOM. 

. . ...y n QIaJ 



J O O" 

. C J U t." r <J Ot— CcoU— '»■*" 

***** 3 C JV* 




387 

?JUL-^8 67- 2300-3 

3E.26N 

4 , 0 1 W 


c 

388 

6JUU78 69-16noo-1 

4l .13N 

A.05W 



389 

6JUL78 69-16000-2 

4 1 . 1 8 N 

O.05W 

* 


39A 

6JUL7S , 69-16450-3 

28. ?7.5 

■ 03^ - — - - ' T , 

363 

» R 

39" 

4JUL73 69-16470-3 

28.27s 

162.C5E 

363 

■R 

39? 

5JUL78 70- l4o0-3 

43.l6fi 

8 . 0 6 G 



393 

5JUL-''S 1 460-3 

42.29N 

?.69E 



39A 

- 5JUL73 7A- 1470-3 

•37. ION 

. 6.15E • 

. 

- 

395 

. 5JUL76 70-- 1480-3 

36. 23N 

6.02E 



396 

5JUL7S 70-12610-1 

43.01N 

lO.OSE 

3.32 

R 

397 

5JUL*?8 70-12610-1 

43.34N 

9 . 5 8 E 



398 

— 5 JUL78- .70-12610-2— 

-43. AltJ. 

— 1 A-. OSE — . ...... - 

332 

- R 

399 

•• 5JUL73 70-12410-2 

43.34N 

9, S8E 



4 00 

5JUL73 70-12450-1 

55 , a9n 

5.25E 






H-9 


ORIGINAl. page fS 
OF POOR QUAt;ITy 


*N0# 

t‘ tr -artr : «s 

date . 

IDEN'TIFlC.ATlOfl 

. I^OCaTZON SrEHE 

DOE 

ETAT 

401 

5JUL78 

70-12450-1 

S5.41M 

5 • 036 * <■ >«v%v»w 

40 a 

..«.5JUL?3^ 

—.^70-12450-2^- 

■ t»5.09N 

■ !p»i>»i,iw^- 2 5 fc ■ * «ii«ii» vrt’ 


403 

.. SJUI.78 

.7 0 1*2 4 ^ 0 *" 2*“ 

S V 4 ^ N*'**'- * ^ IT 0 3 2 •»x'i ’* 

•»*k* *%%%**'%» • 

404 

6JUL^S 

71- 2020-3 

48.26N 

5,17£ ... - 



405 

6JUL73 

71- 2040-3 

42.22N 

7.13E 

305 

R 

406 

6JUL78 

■ - - • 71- 2O60-3 

J6.16N 

. -1,27c -- . . 



407 

6JUL78. 

“ 7 1— I 257 O— •! 

1 Of'i‘ 


***'*^, 


40? 

6JU17S 

71-12570-? 

36. ION 

7.38g 



409 

6JUL’8 

• 71-12590-1 

42l 16 N 

5.49E 

323 

R 

410 

6JUL78 

- —71-1 2590-2 " 

42.16N 

5”,’ 4 9c . 

-323- 



411 . 

■. ■ 7 JUL73 72- -221 0-3 • • 

46.31N- 

RM *^ 023 fcM-*’»44*»»**»*«*^%«****' 

•?95 

R. . 

41? 

7JUL73 

72- 2230-3 

40.25f; 

1.54U 



413 

7JUL78 

■ 72-13170-1 

40.0SN' 

' 1.54E 

* 


« iL «1 J. 

1 1 1 1 

-t 2A— 1 

..A A A M, 

A C C' V 

295. 

n 

• ( <)— 

f \J \JU f ‘C*’ 

~fc 1 J 1 rM 1 


M • p 5 ^ ' 


415- 

7JUL73 

. 7?-13170-2 

■4 0 , 0 0 N 

... ‘-I , 5 4 (r • ‘ 



416 

7JUL78 

7?-l3l70-2 

40.05N 

1.551- 

295 

R 

417 

7JUL78 

72-13180-1 

46.14‘i 

.03E 



410 

7jUL-»8 

7?-l3i 30-1 

4 6 . m- 

.02E 

295 

R 

419 

7JUL’8 

7?-l3ift0-2 

46 , 1 4N 

.038 



420 

7JUL7S 

72-13180-2 

46,1 IN 

,026 

295 

R 

42-' 

SjUL^a 

73- 23-0-3 

52.33K 

2.10" 



42? 

SJUL^S 

'■ 73-13350-1 

40.53N 

■2. SOW 



423 

r-juf’S 

73-13350-2 

4 O. 53 .V 

? , SOW 



4 24 

c JUL'c 

73-13360-1 

4 6 . 5 9 W 

4.. 5 1 W 

296 

R 

425 

'iJUL78 

73-1 3-560-2 

46 . 59N 

4.51 W 

?96 

R 

426 

lCJUL-»8 

75- 1390-3 

42.20M 

9.21E 

296 

R 

427 

1 njUL78 

75 - UlO-3 • 

36, 14N 

7.35E 

296 

R 

4 23 

1 r JUL-’S 

75 - 12350-1 

45.92N 

11 .01E 

323 

R 

42« 

1 0 JUL73 

75-12350-2 

45 .02N 

11 ,01E 

323 

R 

430 

1 0 JUL73 

75 - 123 ^ 0-1 

51 .n7N 

.p . 4 6 6 



431 

1 0JUL78 

75-T2370-2 

51 .n7i\ 

8.46c 



432 

1 1JUL"'3 

76- 1540-3 

52.29f! 

.«.27E 



433 

1 1JUL73 

76- 1540-4 

46. 3 ON 

5.576 

353 

R 

434 

■ 1 1 J U L 7 8 

76--1 540-5 ■ 

4 6. -3 ON' 

--5.576 

•351 

... R .. 

435 

21JUL78 

76- I 54 O -6 

46. 3 ON 

■5.57‘e 

352 

R ■ 

436 

1 1 JUL-’S 

76- 1540-7 

46.30N 

5.575 

352 

R 

437 

11 JUL-’o 

76- 1540-S 

J8, 53(1 

3.44E 

353 

R 

433* 

11 JUL78- 

— ” 76- 1 5 50-3 

49.03N 

' •• 7 , 04 C"- * — - — ” 



439 

1 1JUL?3 

76- 1560-3 

46 , 26 N 

6.07c 



440 

1 1 JUL73 

76- 1570-3 

42.59N 

4,586 

296 

R, 

441 

1 1 juL-^a 

76- 1580-3 

40 . ?2.N 

4. 106 

363 

R 

■ 44?- 

-•11 JU17S' 

-76 — 1 590-3-- 

36. 53N 

-■* . 106- — 

?96 

. P 

44 :• 

1 IJL'1.72 

76-1 25->0-1 

4 0.:5 3N 

•’.526 

323 

P. 

4 4.4 

1 1 juL^a 

76-125?0-2 

4 0 , 3 3 h 

r.52C 

323 

R 

445 

1 1JUL78 

76-12530-1 

46, 4 ON 

5.546 



-446 

—11 JUL78' 






— r 6-* I C 5 3 'J — ii' 

‘40 *'4 UN’ 

“JiSHfc ■ — 



447 

1 1JUL78 

76-1 2550-1 

52,43N 

-3.326 ' 


.. 

448 

1 1 JULrS 

.76-12550-2 

5 2 , 4 3 N 

3.326 



449 

1 2JUL73 

77- 2130-3 

51 ,37N 

3.336 



-450 ■ 

1 2JUL73- 

-77- 2140-3 - 

45 .34N 

-1.176 ■ -• ■ 

29 6 

R 






H-10 


ORIGINAL PAGE B 
OF POOR QUALITY 


*N0* 

date: 

IDENTIFICATION 

location 

SoGIv'G DDE 

CTAT 

.».451 

12JUL73. , 

.. 7 . 7 -. 

. 2l 60-3 ... 

-J9,29N.......v..37E, 


452 

13JUL7S 

73- 

2310-3 

51.4SN 

.56E 



453 

12JUU7H 

75« 

2320-3 

45.42N 

3.13W 

322 

R 

454 

16JUL78= 


-1 500-3 «»45,nSN 

15E 

!» « 323" 

R 

45 S 

16JUU7S 

31 (- 

1510-3- 

i9.04N 

•• 5.22C 

. .... ..... ... 323 

R 

456 

17JUL78 

32- 

1540-3 

,nON 

.001- 


f' 

w 

457 

17JUL78 

82- 

2ft60-3 

21 .24N 

• 5.02K 



4 5 '3 

17JUL*?8 - 

-82- 

2ft80-3 

45.21N 

« 2 • 4 7 G 

. . 297 

R 

459 

17JUU'’8 

32- 

20^0-3 

i9,l7N 

.53C 



46n 

17JUL73 

82- 

I3o?0-1 

39.P2N 

5.15); 


C 

461 

17JUI,?8 

82- 

l3ft20-2 

39.22N 

5.15E 


. C 

. -46? 

.17JUL78« 

“■““••■8 2 — 


-45.29N. 

— 3.19E 

( »■» . lO • w 

c . 

». .463 ‘ 

» 1 7 J U U 7 S-'»* 82" 

13040-2 

• A 5 # 2 9 N ........3 * 1 9 E 

M i « t. .<•« S * V SV. 


464 

17JUL7S 

82- 

13060-1 

51.33N 

1 ,02E 



465 

17JUL73 

82- 

13060-2 

51 .33N 

1.02E 



466 

1SJUL78-. 

-.83- 

• 2270-3 - 

■i9.4lN 

3.39W 

> ■ « ■ ™ ‘ • ■#. 

. 

467 

18JUL73 

83- 

2440-3 

51 ,22N 

,?9C 



46? 

?C JUL7S 

35- 

3ft 10-3 

46.39N 

10.22^ 



469 

P" JUL73 

86- 

1450-3 

36.iaN 

6.12E 



47ft 

PIJULtS 

86- 

1 238Q-1 

42.5SN 

1ft. 17E 

297 

R 

471 

?1 JUL-^3 

86- 

12700-2 

42.55k 

1ft, 17C 

297 

R 

47*' 

2PJUL7S 

e T- 

2ftft0-3 

47. ft2N 

4.59E 



477 

22JUL''3 

87- 

2ft?0-3 

4ft. 8 Of. 

?.ooe 


f* 

w 

474 

?3JUL‘’S 

88- 

22ft0-3 

Aft . 08'' 

1 .471'! 



475 

?5 JUL-^3 

9ft- 

2530-3 

51.47m 

6.4 7W 

324 

R 

4 76 

•55 JUL73 

9ft- 

2540-3- 

4 5.44.N 

9,04‘l 

324 

R 

477 

26 JUL78 

91- 

1370-3 

4l ,ftON 

9.14G 

297 

R 

478 

27JUL78 

9?.- 

1510-3 

54.?SK 

9 .41 G 



479 

27JUL78 

92- 

1 530-3 

48. ?7.M 

1 .11G 



48^ 

27JUL7S 

92- 

1540-3 

42,?3K 

5.07C 

307 

R 

481 

27jUL‘’8 

9?- 

15 6C-3 

36.19m 

7 . 20E 



48? 

24SEP78- 

93- 

>2000-4 

•41 .41fl 

•— 6.0 3E. 

,329 . 

R 

483 

24SEP73 . 

. 93- 

2080-5 

4l ,41N 

6 . 03 E 

. . .... 329 

R 

484 

24SEP73 

93- 

2070-6 

41.41N 

6.03E 

326 

R 

485 

24SEP79 

93- 

20?0-7 

41 .41N 

6.03E 

326 

R 

486 

2SJUL78- 

. 93 - 

2noo-c - 

41 .ftSK 

- , 1 1 E 

> • wm.M*'*- . -w w m. • . ^ 2 ^ 

R 

487 

28JU1.78 

93- 

2100-3 . 

50.54N 

3.35E 

~ ^ . 


4SS 

23JUL7S 

93- 

2120-3 

44.52N 

1 ,22E 

• 

C 

459 

?SJUL78 

93- 

2130-3 

38.47N 

,30E 



49ft 

28JUL73 

..... 93- 

13060-1 • 

37 . ft3N 

4.29E 

. , 297 

•R 

491 

2CJUL-3 

97- 

1 3060-2 

37..ft3fj 

4.29a 

297 

R 

49? 

?* JUL78 

93- 

13070-1 

43.1 

? . 40E 

?97 

R 

497 

?v8jULv8 

93- 

1 3o70-? 

43. ION 

?.40E 

297 

R 

- .4’94 

28JUL78 

.™,.93- 

13O90-1 - 

.49, 14N 

, ..33c 

... .... 297 

R 

493 

28JUL78 

.... 93 - 

13o?0-2 

49. i4N 

■ . ,33E 

. . .. .297. 

R 

496 

28JUL73 

93- 

13110-1 

55,17m 

2.01'.'i 



497 

?? JUI.7S 

93- 

13110-2 

55.17N 

2.01W 



498 

29JUL78.. 

94- 

■2250-3 - 

51 . 50N 

,31E. 

.... ,.. 324., 

. R 

499 

29JUL73 

.. .. 94- 

2290-3 . 

45.43N 

..?,49W 

. . . 324 

R 

50D 

29JUL73 

94- 

13230-1 

36. OON 

.165 
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ORIGINAL PAGE IS 

pir,OTrsu$'-re.'' 


*H0* DATtiv . IPCNTIFICATJOK LOCATION- 


SnCNE . ... bds -ETAT 


501 

29JUL78 

94-13230-2 

36.00N 

.168 

.. .. .. ...... 


502 

29JUL78 

■ -94-13250-1 

42,n7N— -1 .29W 



503 

29JUL78 

94-13250-2- 

-42.07M 

-«v1-.-?9W 


»»•* 

504 

29JUL73 

94-13270-1 

48.11N 

7..34W 



505 

29JUL7S 

94-13?70-2 

4fi.1'lN 

, 34 W 



506 • 

29JUL’S- 

0/ — i *i e rt— H.. 

.K /. A L M. 

— ,rt / 1.1 



■■■ — TH* 1 “ 

»"• If g PJ* 

Q i \/ ‘t W 

... 


507 

29JUL?G 

94-132$0-2 

54,i4f> 

6 • 0 4 W 

» » • f. • .»•» k . 


5 OP 

3CJUL'’0 

95- 2470-3 

46.04N' 

7.16W 



500 

30JUt73 

‘ ■ 95-13430-1 

42.46N 

6.16K 

» % j-» . « . 


510 

3CJU1.78 --95-13430-2 

--42.46N^- 

6 ; 1 6V/- 


.... 

511 

30JU1.78 

• 95-13450-1 

- 48, SON 

■ 8 » 22 W 


■'k 

51? 

30JU178 

95-13450-2 

43. 5 ON' 

S.2 2W 

,, 

. 

513 

31 JUL"8 

96- 3040-3 

51 .54N’ 

9.34W 


.% • 

514 

31 JUL-»8 

96— '3050 — 3= 

- 45.42M 

-^11 .52W- 

.... 

• 

515 

31 JUL78 

• 96-12260-1 

50.?7N- 

•• 10.45E 

» (vk it> •- k « * 

* -.»»*■ ’ 

516 

31 JUL78 

96-12260-2 

50.27N' 

10,45C 



517 

31 JUL?S 

96-1 22'’0-1 

56.2 8N' 

R . 01 C 



51P 

31 JUL-^3 

96-12280-2 

5 6 , .A S N 

8.01E 



519 

31 JUL78 

• •• 96-1 4010-1' 

4 1 , 1 3N 

••10.17W 


•**4k.V 

5?o 

IIJUL’A 

96“1 4 A 10-2 

41.13^ 

10.17W 



52^ 

31JUL'?8 

96-14020-1 

47.1SN’ 

12.19W 



522 

31 jUL-^3 

96—1 4 0 70 — ? 

47.18N 

I's. 19W 



527. 

1 AU078 

97- 1470-3 

4 3 . 4 6 N 

7.1U 

?9C 

H 

524 

1 AUG-’S 

97- 14'’0-3 

37.42M 

5.218 



525 

5AUG78 

101- 2530-3 

46,^2*} 

1 0 . 0 3 



526 

7AUG73 

103- lSPO-3 

■ 42.5 9iv 

4.01E 



527 

7AUG78 

<10^.- 150C-3 

36.54N 

?,,12t 



527, 

7AUG7S 

103-12520-1 

39. 5 So 

A.54E 



529 

^AUG^a 

1 07-1 2520-2 

39.58V 

6 . 5 4 E 



53A 

CAUG73' 

■ • 104- 21 40-3 

49.55H 

1 .57E 

• 


53^ 

SAuCi73 

104- 2150-3 

43. 52N 

. .1 2E 



532 

SAUG78 

104- 2170-3 

37.47.*: 

2.0 2'vs' 



533 

SAUCE’S 

104-13100-1 

39.41.^J 

2.25E 



534 

3AUG78 

— -1 04-1 31 00-2 

- 39.41 N 

- 2.25E 



535 

PAUG73 

104-13120-1 

45.46N 

,29E 



536 

8AUG7S 

1.04-13170-2 

45.46N 

.29E 



577' 

9AUG73 

105-13290-1 

4 4 . 4 6 N 

3.41 U 



53P 

9AUG73 

- - 105-1 3290-2 

44.46N 

3.41V) 


- 

539 

9AU073- 

•• 1 05-1 331 0-1 

50.50:! 

5.5 5W 


k' ** 

54C 

OAUG’^S 

105-13710-2 

50. SON 

5.5 5U 



541 

1 1 AUC-’S 

107- 1‘'-70-3 

42.53m 

1''.11E 



542 

1 1 AUG7S 

103- 1340-3 

36 . 4 5N 

--•8.23c 



54 3 

1 1 AUG73 

107- 3070-3 

. 53.08N 

10.17W 



544 

1 1 AUG73 

107- 3090-3 

47..07N 

12.41 W 



545 

1 2AUG^3 

108- 1510-3 

4l .31M 

5.13E 


C 

546 • 

1 5 4 1 1 r: i» a . 

- ■ i a;i*. .1 

< C *1 A M - 

— 78 E 



! c M u u r O • 

I ' f O 1 3 ^ V ^ 





547 

1 2AUG73 

108-12450-1 

40.34N 

S.I'^'E 

324 

R 

54P. 

1 2AUG78 

108-12450-2 

40.34N 

r.i VC 

324 

R 

549 

1 2AU&-’8 

105-12470-1 

46.39N 

6.21s 

324 

R 

550 - 

-1 2AUG78- 

— "“I OS — 1 -2 47 0 — 2 — 4 6 ,'7 9N" 

6 .2-1 E. 

324- ■ 

R - 
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kp>»,k<k •««»' 


*N0* 

DATb* 

identification 

location 

SfiENE ODE 

ETaT 

' 5 S ii ' 

. 13AU078«»5«.409-. 2070-3^v. 

49.19N, 

* « 2'S& 


55^ 

13AUG78 

109- 2030-3 

43.17N 

1«1SE 



553 

13AUG7S 

109- 2100-3 

i7.l2N 

.33E 



55A 

14AUG78 

„_410- 2 270-3 -*-42. 36N- 

■*36taE» ^ H ^ 9 a— »»»i>eTTr?iP7»» --ar - - 

- c 

555 

14AUG78 

■ 110"13.?10-1 

40.07N 

. ....34E 


c 

556 

14AUG78 

110-13210-2 

40.07N 

. ,34a.. 


c 

557 

14AUC7r, 

110-13220-1 

46.11M 

2.31N 


c 

55r. 

14AUG78 

1lo~l3220-2 

46.11N 

. 2,31W.. 


c 

=. 5 59 

17 AUG 78 

.. ...1 ,3-12300-1 . 

40,49h 


■■k.*k,h YjH(h .fc‘ . - 3 2 ■ ■ 

R 

566 

17AUG7S 

113-12380-1 

42.16M 

9*27E 

324 

R 

56-1 

17AUG7S 

113t12380-2 

40.49N 

9 . S 4 E 

325 

R 

562 

„.1 7 A U G 7 8.„.»-.1 4 3^12380^2 ^ 

^♦2 , 1 6N. 

. 9,27 —.5 324. 

R- 

563* 

■ -17AUG76 

,.-.«..143-1 2390-1 • 

^46.53N 

kkkkkkk^-^ 3 3 C 

564 

17AUG78 

113-12390-2 

46.53H 

7.55E 



565 

17AUG78 

113-12410-1 

62,55N 

S.31E 

298 

R 

- 566 

17AUG78' 

, =^«.1 ^3-<]24'i0“’2'- 

62.55N 

. 3 1 E B 

* wa 9 § • 

R 

567 

1.'’AUG78 

1 14-12550-1 

37.48.N 

6.16E 

325 

R 

568 

1^'AUC7a 

114-12550-2 

37.48N 

6.16E 

325 

R 

560 

1oAUG73 

114-125'’0-1 

4 3 . 5 3 N 

4.25b 

?93 

R 

57n 

18AUG78 

114-12570-7 

43.S3N 

4.25E 

298 

R 

571 

19AUC78 

115- 2170-3 

!i1 .S8N 

1 .35E 


C 

572 

19AUG73 

115- 2l«C-3 

45.56M 

.420 



57-^ 

1 9AUQ70 

115- 2100-'' 

4 5 • 5 6 N 

.428 

307 

R 

574 

1 9 AUG78 

115- 2200-3 

39.S2N 

2.39W 



575 

19AUGV8 

115-13130-1 

37,32N 

1.49C 

325 

R 

5 76 

19 AUG 7 8 

115-13130-2 • 

^/,32f; 

1 ,49E 

325 

R 

577 

1 9AUG73 

115-13140-1 

43,37n 

.OOE 

313 

R 

578 

19AUG7S 

- 115-13140-2 

43.37N 

.OOE 

313 

.R 

‘ 579 

19AUG7G 

115-13160-1 

49.40N 

2.09W 

313 

R 

580 

19AUG78 

115-13160-2 

49.40N 

7.0 5 W 

313 

R 

581 

2oaUG‘’3 

116- 2380-3 

41 . 25N 

6 , 4 3 W 



582 

2nAUG7S 

116-13320-1-" 

40.44N' 

, 3SW-- .. 

»» *1 m- ■- 


.. 583 

20AUG78 

116-13320-2 ■ 

40.44N 

. T.38W . • 

- ' ■ 


584 

2CAUG*’3 

116-13330-1 

46.49N 

5.37W 



585 

20AUG78 

116-13'»70-2 

46 ,49N 

5.37W 



5S6 

20AUGV3 

- 116-13350-1 - 

;>2.50N 

•-A.0OW > 

'■#*_ l-fc 


587 

20AUG78 

116-13350-2 

52. SON 

p.OOW 



588 

21AUG78 

117-13500-1 

43. 35N 

9 . 0 4 w 

323 

R 

589 

21 AUG’^'S 

117-13500-2 

43. 35n 

9.04'J 

325 

R 

59n 

21 AUG78 

117-13570-1 

49.38N 

1-1 .13W . 

325 

R 

591 

21AUG7S 

117-135^0-2 

49..38N 

1-1 . 13W 

325 

R 

592 

22AUG?". 

11^- 1350-3 

4 5 , 1 6 ?} 

9.4 7E 

298 

R 

593 

2 2AUD78 

118-123-10-1 

41 .30N 

1 1 , 2 1 E 

332 

R 

594 

- 22AUG78 

-118-12310-2 

-41 ,30N 

—-T 1 . 2 1 b »* •« 

- 332 - 

R 

595 

22AUG7a 

. 418-12340-1 . • 

6 3..3 5N 

6. 53E . 

' •* ' *%*•%■%»•• • *»’- - .kkk. 


596 

22AUG’»S 

118-12340-2 

53.35M 

6.53E 



597 

23AUG7S 

119- 1510-3 

5A.52M 

O.06E 



.. ..598- 

-23AUG73- 


*42.43 M 








u . 

599 

23AUG78 

119- 1560-3 

i6.43N 

? . 38E 

. 307 

R 

600 

24AUG73 

120- 21.10-3 

47.10M 

• 1 ,22E . 




H-13 


ORIGINAL PAGE IS 

OF POOR QUALITY 


. '%'V“ 


*N0* OATC . IDENTIFiaATlOt; .. LOCATION 


tKjwacr' i — •• -e.i>?rw;i 

c 


SoCNC. 


BPE CTAT. 


601 24AUG78 

■ 60? 24AUG7S - 

603 ■ 24AUG78 ■ 

604 24AUG73 

6f,5 24AUG'’8 

606 25 AUG 73 - 

607 -25AUG78*v 

608 25AUG7S 

609 25AUG73 
"6l 0 ""2 5AUG‘^8—”- 

‘ 2 5 A U G 7 8 ••".'v .v'l 2 1 


120 
120 
-120 
120 
120 
•121 
-421 
.121 
121 
~1 2-1 


* 2120* 
• 13060 - 

• I 3n60- 
-13080- 
-13080- 
■ 13 ^ 40 - 

• 13?40- 
-1 3260- 
-13?60- 
-13280- 


3 

1 - 

2 • 
1 
2 
1 - 
2 . 
1 
2 

1 - 
? ■ 


41 ,06N 
-40.34N. 
40.34N 
46 . 38 N 
46.‘>?8M 
-4 0,4 3N 
.40.43N- 
46,47M 
46.47N 
82 .- 49 N' 
■iJ2.49N- 




-2..34E- 
. 2.34E 
■..36E'., 

,36E - 

2 t 0 1 W ... .... 

.•.v 2 , 01 W 
4.0 0W 
4.00W 

~ 6 -i- 22 W 




307 - 
3 07 . 
307 
307 


»VNSS»V»»V*4, 


635 • 1SEP7S 128-12220-1 56.23N 8.22E 


636 

1 SEP-»8 

128-12270-2 

56.23N 

, 2 2 E 

637 

1SEP78 

128-13550-1 

A 1 . 2 3 M 

1O.02W 

• 63S 

■1 SEP78 

-'128-13550-?" 

— 41 . 23H- 

— 1O.0 2W ~ 

639 

2SEP78 ■ 

129- 1410-3 

45.22M 

■ -S.06E 

64 0 

2SEP78 

129- 1470-3 

39. 1?M 

A. lie 

641 

2SEP78 

129-1 23-^0-1 

45 . 29m 

8.19C 

64 2 

2 SEPT’S ' 

129-12370-5 

a5 . 79N 

- R.19E 

647 

3SEp-^8 

•130- 1590-3 

4 2 , 5 5 N 

2..41 e 

^44 

3SEP73 

130-12540-1 

'38,57m 

•S.4SE 

645 

3SEP78 

130-12540-2 

3S,57M 

5 , 4 8 E _ 

646 

^SEP-’S' — 

•-130-1 2550-1 - 

- 45 .OIN 

3t5 4 E — 

• 647 • 

3SEP78- '• 

130-12550-2 

• 454 OIN 

' 3 . 5 4 E “ 

64 8 

^ScP-’S 

130-12570-1 

51 . 04N 

1 .39e 

649 

3SEP78 

130-12570-2 

51.04N 

1 ,39E 

. 650 

-4SEP78 ~ 

-131- 2150-3 

51.40N 

... ^ <1 9 E „ . 


~R 
• R 
R 
R 
C 
..C 
C 

c 


612 

26AUC78 . 

122-13440-1 

43. SON 

V.34W 

357 

R 

613 

26AUG78 

••"1 22-1 3440-2 

• 43. 5 ON- 

" 7.34U •••> ■“'^- • •■• 

... ,. . 357 

R 

61 4 » 

•5 VL A 1 1 r tt 

1 22-1 3450-1- 


0 / 7 II 

7 c 7 

-R 

"**2 6 A U G 7 0 




6 1 5 

26AUG7& 

-1 22-1 3450-2 

49. 53N ■ 

- 9.4 3W- ■ 

•• 357 

• R 

616 

27AUG78 

123- 1290-3 

44.15H 

10.5SE 



617 

27AUG73 

123- 1300-3 

38. ION 

9.D5E 



618 

25AUG73 

-124- 1460-3 

49 . 26 M 

8 . 1 3 E ' 



619 

25AUG70 

1 24-1 24-10-1 

39.00M 

9.00c 



620 

28AUG78 

124-12410-2 

39.00N 

9.00E 

298 

■ ' 

621 

28AUG78 

124-12470-1 

4 5 . 0 5 N 

7. 0-7E 

R 

622 

28AUG7.S 

•1 24-1 2430-2 

45.05M” 

-7.07E’ - •• 

• - 298 

R 

62*' 

2SAUG'’8 

1 24-1245C-1 

51 .07N 

4 . 5 2 e 

298 

R 

62 4 

2.8 AU 078 

1 24-12450-2 

51 . o7m 

•4 .528 

29 3 

R 

625 

3nAUG78 

1 26-13180-1 

40.44M 

,41 C 


C 

62 6 

3''AUG78 

1 26-1 3-1 .80-2. 

4 0 , 4 4 N 

.418 


C 

627 

30AUG73 ■ 

■ 126-13200-1 

46.47N 

2.4 0W 


C 

62 P 

3 '' A U 0 7 8 

126-13770-2 

4> 6 « 4 7 M 

7 ., 4 0 V/ 


n 

620 

30AUG73 

126-13220-1 

52.49M 

5 ,02W 



630 

3CAUG73 

• 126t13?70-2 

52.49N 

5 . 0 2 W 



631 

31 AUG73 

127- 24a1«3 

50.1 5N 

S.14W 


C 

632 

31 AUG73 

127- 2471-3 

44.12N 

■ 7,26;-/ 

30S 


633 

3'' AUG78 

127-13330-1 

4 5 . 0 5 N 

6.39W 

R 

634 

31 AUG’S- 

— 1-27-13^80-2 

— 45 . 0 5N— 

— 6-.39W — - 

— 308 

R 
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V .V V. ,..651 . 

> 4SCP7S.. 

:,„s.131-. 2170^3 . .. 

• ^5 . 37M}.>. 



65 5 

5SKP7S 

^:.r;132- 2340-3 

P 0 . 32 N 

T 4 OU •' V..-.- 

^ r , » ■ • * v*»“ . ■ •* 

^ .... 


65'i 

5SEP78 ■ 

- '132- 2350-3 

44,1 a.N 

A. 02 W “ . . 



65A 

5 SEP ^ 8 .- 

— ^^132-13300-1 

39.34N.* 




V* %>>«)■ *vv ^ 3 S ' 

5SEP78 13P.-13300-2 - 

39,34N . 



li 

656 

6SEP7S 

133-13400-1 

63.30N 

9.2 0 W 


h 

657 

6SEP73 

133-13490-2 

43.30N 

9.20W • . . 


i,i 

658 

7SEP78 . 

-..-134- 1370-3 

35.?9N 

^ » 3 1 E t..* ’ ' ' .«ra «» . - 

r. 

1 

659 

zsupya 

.1 34- 3090-3 

53 . 38 M 

11.36W 


S f 

66^ 

7SCP78 

134-12300-1 

43.44M 

10.16E 


1 

-N 661 

• 7SEP73- 

.“134-12300-1 

43.59M 

I 0 . 21 E • ' 


i 

, , AA>) 

7. 8 P 7 S . 


-L-l oOM. . 

.1 n ? 1 P._ 



663 

7 SEP 7 3... 

23n0**2 


1 

s 

66 A 

7SEP78-. 

. 134-12340-1 

55.32N 

■ 5. 352- 

- . ■ 

i 

665 

7SeP-»8 

.. ' 134-1 2340-1 

55.47m 

5.29E . ‘ 



■ 666 

7SEP78- 

— 1 34-1 2340-2 

-55.4 7N..- 

"■ S .- 2 9 E— — — 

_ 

t 

667 

. 7SEP78- 

.*'"•1 34 — 1 234 0 — 2 '• 

55*32N ... 

*■ ■ ‘S *35E**'*** ***“ • kii 

, 

'i 

66B 

8 S E P 7 3 

135- 1550-3 

36.4”M 

P.15E 

C 


669 

8 S E P a 

135-12470-1 

37.32M 

'^.35E 

C 


670 

8SEP7S 

1 35-1 2470-2 

37.32N 

■ 7. 3 5E ... - 

C 

\ 

671 

8SEP7S 

1 35-1 2490-1 

43.37.‘J 

5.44F 

c 


67? 

8SuP73 

135-1 2490-?. 

43.37N 

5.44E 

c 


67-^ 

8S EP’^3 

135-1 2500-1 

49, 4 ON 

•*.35E 



671. 

f SfcP‘’3 

135-12500-2 

A9.40M 

•«.35E 



675 

9SEP78 

136- 21A0-3 

4 6 , 4 0 N 

. 4 4 1 


i 

676 

osP?-fS 

136- 21^0-3 

40.43N 

1 , 1 4 W 


1 

677 

9 S E P 3 

136-13n50-i 

36. 32.^- 

’ . 17E 

c 

1 

678 

9SEP78 . 

-- 136-13n50-2 

36.32M 

t!.17E 

c 


67^ 

9SEP7S 

136-1.30^0-1 

4 2.37.'! 

1.29E 

c 

i 

68'' 

9SEP7S 

136-13070-2 

4 2.37,*; 

* ,29u 

c 

1 

. 681 

9S EP78 

136-13080-1 

48 . 4 0M 

.35E 


f 

68? 

9SEP73 

136-13OQ0-2 

4 8 , 4 0 M 

.35E 



• 633 

. 1 0SEP78 

137- 22P0-3 

44 , 

4.3 2W 


. [ 

684 

1 0SEP73 

13?-13?40-1 

40 . 06N 

? . 1 sw 



685 

1 0 S E P 7 8 

137-13240-2 

40.06m 

?.1SW 



686- 

1 ASEP78.. 

137-13260-1-- 

■ 46. ION 

.,_,4,14U. — . — . 

, c 


687 

1 0SbP78 

137-13?60-2 

46 . 1 ON 

4.141.; 

c 

, I 

68 P 

1 1 SEP78 

138- 2460-3 

50.07N 

7.07W 



680 

1 SSEP-’S 

139- 1?O0-3 

42.43N 

0.59E 


Ii 

• i] 

- 690. 

™-1 PSEP78-. 

— '13a’o-3~ 

.36. 4 IN 

•" 8 t 1 1 O’***- 

■■ 

'• 1 

691 

13ShP78 

140- 1450-3 

51 .o5f.l 

8..26E 


il 

ii 

69? 

1 4 S E P 8 

141- 2050-3 

41 .33(1 

.2£Q 309 

R 

1 ; 

693 

14SEP78 

141-12580-1 

36. o2N 

4 . 4 9 E 



- 694 

14SEP78- 

-—141-12580-1 

36. ION .. 

4 # 4 7 E ^ ^ * 3 0 9 

R 


69 5 

1 4StP7S 

. 141-1 2580-? 

36.02N 

. 4.49E .. . 



696 

1 4SEP73 

141-12580-2 

36.1 ON 

4.47E 309 

R 


697 

1 4S6P78 

• Ul-l3on0-1 

4 2 . 0 7 N 

7.02E 



698. 

- 14SEP7S- 


■4 2., 1 5N— 

-3*0 O'E — 309 

R 


699 

■ - 1 4SEP78 . 

■ . ..U1-13000-.7 

42.07N 

. 3.02E ... .. . . 
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14SEP73 

141-13000-2 

42.1 5N 

3.00E 309 

R 





H-i5 


ORIGINAL PAGE IS 
OF POOR QUALI1Y 


.. *N0* 

DATE .... 

IDENTirlCATION 

LOC 

ATICN • 

Scene. .V 

BO-E 

• ETAT 

«• 701 

14SEP7S 

■ 141"13q20-1 

48.18M 

■ ' , 56E’ 

iis . 

309 

R 

' 702 

14SEP78 

-141-13020-1 

48*1 IN 

■—•*598 

K ,e -fc'** ..M r '* *ii ' -.•5'i-rT 

. » 

.. 

03* 

- 1 4 G e P 7 8 w.vvv .*1 41-130 20-^ 2 .. 

4S,11H 

5 9 E 




704 

USEP73 

141-13020-2 

48*1811 

.S6B 


309 

R 

7n? 

lASEP-^a 

141-13030-1 

54.12N 

.30W 




,™,.706- 

- 14sKP’?a- 

— ~1 41 —1 3o30 — 1*'" 

54.19N 

» »■— 1 •* 3 3 W 


. . « 


707 

1 45EP78 

141-13030-2 

54.19M 

1 .33W 

. » vv » »v* » »» fc 



70". 

14SEI'*'3 

141-1 30.30-2 

54.12M 

1 .30W 




7 09 

15GEP78 

142- 2210-3 

y3.02M 

' .H2E 





15SEP78- 

— 142— -a^io-a ' 

•51 ,55N 


, l***....^-** >■.»>«■»<» .t 4> » 

302 

. R 

.s... 71'i . 

15SEP73... 

" >1 4 2 — 2 2 2 0— 3' ” 

45..5 2N. 

■ ? . 4 3 W 



.. c .. 

71? 

15SHP73 

142- 22?0-3 

45.59N 

2.41W 

» 

' ■ X*. ' • ' • ♦ 



713 

15SEP7S 

142-131C0-1 

40.31N 

.5SE 


302 

R 

.. 714 

15SEP78 

■142-13180-2 

4 0 . 2 1 M 

.588 


302 

R 

715 

■iSSEPva.. 

..V.142-131O0-1 

46.25N 

2.55W 

■ % XfcV \r ■ , ■ * • .. 

302 

R 

716 

1 SSEP’S 

142-13190-2 

46.?5I! 

P.55W 


302 

R 

717 

1 5ser'*’6 

14 2-1 3? -10-1 

b2.27M 

S.16W 




71F 

1 5SEP78 

142-13^10-2 

52.271! 

*: . 1 6'-) 




719 > 

16seP7G -"V.*! 4 3-. 239 0-3 - 

•52.49N 

■ 4 .•34W 

ktXWI. i ' 

n» • •* ' » t 

72r 

1 1, SOP '’6 

1^:*- 2400-3 

H6,4 6f: 

6 ,5 71 




72-' 

1 7sEn''a 

144-1 2?10-1 

55*171' 

“.33E 




7?2 

1 7s £078 

144-12210-2 

55.17M 

,?3t: 




723 

173EP"* 

1 44-1 3560,-1 

46*^Sn 

1 ■! , 5Sw 




724 

17s CP*"? 

144-13540-2 

4 6.05." 

1 1 ,58K 




725 

1 7S C''7£ 

144-13570-1 

52. '^3t. 

14.17W 




726 

17SEP?a 

144-13570-2 

52.08N 

14.17W 




727 

1 c. S E P 7 a 

145-12360-1 

42.1 6.M 

0 . 0 G E 


302 

R 

72? 

1 esEn*'8 

145-12760-2 

42 , 1 611 

o.QCC 


302 

R 

72^ 

18SLP7? 

145-1H3’"0-1 

4? . 1 On 

6.561; 
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18SEP73 

145-12370-2 

4? . 1 ON 

6.566 




731 

ISSEP'7? 

1 45-12300-1 

54.30N 

4 . 2 6 E 




73? 

1SSEP7S 

145-12390-2 

54.P0M 

4.26c 




733 

1PSfiP78 

146- 1570-3 

5 0.441! 

5.07E 



C 

734 

lOSEP-^B 

- -'146- 1580-3 

44.4111 

.•5 . 5 3 E 

, . . . ... 

354 

R 

735 

19SEP7S 

146- 2O00-3 

38.35N 

.59E 


354 

R 

736 

21SEP78 

14S- 2340-3 

45.4SH 

S.5 2W 




737 

SEP78 

14.3-13280-1 

36.1 911 

P.5 8W 


357 

R 

- 73? 

21 SEP7S 

-148-13230-3 

36. i9n 

7.58W 

.... . . 

•^57 

R 

• 739 

?1ScP?a ■ 

•■148-13300-1 

42,25m 

4 . 4 4 W 


357 

R 

74^' 

P'' SCP-’S 

148-13700-2 

42.25m 

4 . 4 4U 


7.57 

R 

741 

21SEP78 

1 48-1 3?po-i 

43 . 2 SN 

6.4 91.- 


757 

R 

74? 

21 SEP73 

143-133P0-3 

48 . 2BM 

6 . 4 9 w 

' 

35 7 

R 

743 

22SEP78 

140., 2530-3 

46.25m 

In , 1 3v; 


308 

R 

744 

22SEP7B 

140-13480-1 

4CU9M 

.3.4 911 



C 

745 

22SEP-’8 

140-13430-2 

40.4911 

R.49W 



C 

-■746- 

-22SEP78~ 

-140-13400-1 '* 

’ 4 6 , 5 3 M 

1 n , 4 8 W 

' X- •••resweii*" ■ — - ■ ' ':t • 

- 

C 

.. .747 

22SEP78 

149-13490-2 

46.53N 

1 - 0 . 4 BW 



c 

748 

23SEP78 

15P-123O0-1 

46.191! 

9.07E 
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23SHP-'8 

150-127nO-3 

46.19m 

0.076 
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“23SKP78-' 

““• 1 50-1 2320-1 *■ 

“bH.SHN 

6.47e- 
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751 

24snP78 

v.v, 151-12460*^1 * 

:i9.07N 

..-.v6.5 0E- 

•1k'» 4*A» 

kk>.Vt A V % fc 

i 

7S2 

24S£:^^78 

, 151-12460-2 

i9.07N 

6.50C 




i 

i 

753 

24SEP7S 

• 151-124‘'0-1 

4 5 . 11 N 

4 • 56E 





754 

24sep^s 

- 151-124P.0-? 

45.1 IN 

“ 4 • 5 6 E 

. KT.i as . i 




7 5 S '"" 

24SSP78 

t-v'- -151-125 0 0-1 —-5 1 . 1 4 N- 

•v,vs.. 2 4-1 C« •* 


♦ VSVv» \%>^v vv"' k 


756 

P4SLP7S 

1 51-12500-2 

51 .1411 

2.4ir: 

k . . 1. ^ \ 




757 

P5SEr'*’8 

152- 2OS0-3 

5P.33M 

1 . 54 c 



C 

' A 

— " ■ 75 3-‘ 

25SeP*78— 152— 21O0-3 - 

44 . 28 M 



363 

■ R 


759 

25SEP7S 

1 5 2"*'- 21 2 0-3 • 

3S.22N 

"”’2 . 1 1 W • " 


♦ »%* r ■■ 


h 

! 

760 

26Sf,‘P78 

153-13270-1 

37.49N 

1 .54'.’i 




* 1 

76^) 

26SEP78 

' 153-137P0-2 

37.49N 

1 .54W 

• ' 



I 

i 


, 3/iC cn.'Ta- 

, i t; n > n-1 -n - 

-A.X -CAM 

.1 A.*\ IaI---, 


.31 0 

- ,R... 


»=. r««r. 10 c 








' 763'’ 

26SEP78- 

x,.v...l 53—1 3 ? 4 0 — P 

43.5^N 

3 , 45 W-' 


■310 

R . 


764 

26SUP78 

153-13260-1 

49.57N 

S.5 5W 


310 

R 


765 

26SEP'^8 

153-13260-2 

49. f,7M 

5.5 5U 


310 

R 


766 

2 7 S E P 7 8 

154- 2450-3 

4 9.2®‘i 

7.38M 




i 

767 

?.7st?78 

154- 2460-3 

43.75N 

9.47N 




i;. 

763 

27s hf ■’8 

154-13420-1 

43. 76 N 

8.09W 



C 


76'= 

?7SEP?S 

1 54-1 34 20-2 

43 . 26 N 

p . 09U 



C 


77A 

?,nSEP?S 

- 155- 1280-3 

^6 • 1 0 f 1 

9.35E 





771 

28SEP73 

155- 1?‘’0-3 

36. 1 1N 

7.4GC 





77*' 

?r.SLP?8 

155-1 2?-^:-i 

42. 50^’ 

1 , 4 4 E 





77-^ 

28SEP78’ 

1 55-12'’30-2 

4 2. 5 ''N 

1 1 . 4 4 E 




1 

774 

28SEPV8 

155-12260-1 

54.55N 

•=*,05E 




1 

77 5 

PPSEP’^S 

1 55-1 2260-? 

54.550 

•».0SE 





776 

29ScP'’S 

156- 1460-3 

41 ,52N 

4.S3G 





777 

29SE078 

156- 1480-3 

35.45N 

8.07E 




j 

77S 

29SEP73 

156-124A0-1 

37. SIN 

8 . A 0 C 


358 

R 


779 

P.9SEP7S 

156-12400-2 

37. SIN 

8.40 5 


35 s 

R 


780 

29SEP7S 

15 6-12410-1. 

43 . 56 N 

6.49E 


358 

R 


781 

29SEP‘’8 

1 56-12410-2 

43 . S6N 

6.49E 


35 s 

R 

i 

782 

30SEP7S 

^1 57- 2030-3 

44 . 1 7N 

1 . 04E 





783 

30SEP78 

157- 2040-3 

4 3 . 1 1 N 

,43E 




f, 

784 

3CSEP78 

157- 2050-3 

37. oAM 

1 .05U 




} 

785 

7nsEP78 

157- 2050-3 

38.1 ON 

.47E 




« 

786 

P0CT78 

■-. 1 59- 2400-3 

44 . 1 IN 

S.03W 

- . - , . ^ 



5; 

^ i{ 

787 

20CT73 

159-13360-1 

44.32N 

7.01W 





783 

20CT78 

159-1 3360-2 

44.32M 

7.01W 




1 ^ 

780 

•BOOT’S 

1 60-1353^-1 

43.'’9f| 

1l .13W 





790 

30CT78 

„.,.UO-13570-2 . 

43. ?9n 

...1 1 .13W.. 


. . . , . 


a 

791 

30CT7O 

160-13550-1 

49.320 

1 3 - 2 1 A 





79? 

30CT73 

160-13550-7 

49, 32M 

If .21W 





793 

50CT73 

163-12570-1 

40.3SM 

4.49E 




• 

- -n- ■■ ,7 9 4- 

50CTTS. 

~«...«1 62-12570-2 - 

4 O. 38 N 

-- 4.49E 

■ W « V “t nW 1 IPH|»^,T»T3— 


...... ... 

? 

795 

50wT78. 

- 162-12530-1 • 

46.43N 

. •2.5 0E . 

■ . .*■ 




796 

500178 

162-12S-^0-2 

46.43N 

7 . 5 0 E 





797 

80CT78 

165-13460-1 

42.?8N 

9. 23W 





798 

00CT73. 

.^. 165-13460-2 - 

42.2SN 

,„-Q.23U 

*t K -I . ;a- 




799 . 

.600T7a. 

165-12480-1 

48,32N 

...11 .2 7W . 

H-Vk ■ .Vk.l. .k- 


... .... 


800 

80CT7S 

165-13480-2 

48.3HM 

11 .27W 
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801 

^OCT^S 

166-12270-1 

41 ,4 4N 

10.3SE 

;■ •. .,v. V v-.-r , ^64 ' ' 


802 

“ 90CT78 

—■'166-12270-2- 

»**1 ,44N 

="10’.‘35E- 


R ... 

801 . 

90CT78 

■166-12290-1 

47.49N 

.... 5,34c 

, ,, ... . , . ... 


804 

90CT78 

166-12290-2 

47.49M 

8.34C 



805 

OOCT-’S 

166-1 23f'9-1 

83.52N 

•■ 6.05E 



806 

90CT78 

1 66-1 23n0-2 

53.5HN 

•-6.05K 



. 

80 ? 

100CT78 

167-12450-1 • 

■39.56N« 

■•"6.35 8" 


R...V 

80 S 

mocvva 

167-12430-2 

39.56N 

6.35L* 

299 

R 

So'’ 

1 Docr‘8 

U^-1 2460-1 

4 , 0 uN‘ 

4.38 5 

299 

R 

• 810" 

■’ 100CT78’ 

67-1 24 60-2"’ 

■ 4 6 . 0 2 M ■ 

“‘~-4-.-38S~ 


R- 

811 • 

-110CT78 

""'•1 68— ‘20 50-3 ■ ' 

bSi40N 


•Si-l'S'SV 

81R 

H0CT7S 

16S- 2060-3 

49.37N 

1,305 



813 

110CT7S 

■” 16.8- -2080-3 

43.32M 

.381? 

■•t*. S' «.V S>t.» 4>. 


- 814- 

■•110CT78--“168-’"21 rtQ-3 “ 

-37. 7oH 

— 2.28W- 


mS-WMBWU 

815 

1 10CT78- 

•• 168-13030-1 

4Q.32N 

..... (\ , 5 2G 



816 

1100778 

168-13030-2 

4P.32N 

1 .52C 



817 

1’'OCT*'S 

1 68-1 3n40-i 

46. -^SN 

.05P 



810 

110CT70 

168-13040-2 

46.38m 

.05C 



S19 

1 10CT73 

1yS-l3nf,0-1 

b 2 . 4 1 N 

■2.27W 



82'^ 

IIOCT-’O 

1 68-1 3n60~7 

52. 4 n 

?,27W 



S2^ 

120CT^a 

169-1 3? 10-1 

i°. 46N 

0 . 26W 



82? 

1 aOCT'^3 

169-I3?in-? 

39.46f! 

?.26W 



8 2-« 

1 200778 

1y9-i3j78-l 

45.52.* 

4 . 2 2 W 



8 24 

1 ? 0 0 77 3 

. 169-i3n?0-2 

4 5.5 2*: 

4.22'.' 



S2S 

12''C77o 

1A9-13?40-1 

51.5 5.*; 

A.4 0'^‘ 



826 

1 200776 

1c9-13?40-2 

51 . 55M 

6 . 4 0 W 

■ 


827 

1 3CC7''3 

1 70-1 330Q~1 

41 .3S.N 

7.3?'a! 

\ 


8 2? 

1 30C7''6 

1?n-l33o0-,2 

41 .’^3*1 

7.32 V 



82° 

130G7-’S 

1 ?f>-1 341 0-1 

47.43.M 

0 . 34 W 



830 

1300778 

179-13410-2 

47.43N 

0 .34w 



831 

140C778 

171-12?10-1 

43.46m 

11.315 


c 

S3? 

1 40C77S 

17^-l2?l0-2 

4 3 ^ 4 6 iM 

1-1 .31C 


c 

833 

1400778 
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If ,54E 



1024 

60EC78 

224-1 2''n0-1 

55.596 

? . 1 4 E 



1025 

60EC78 

224-l2in0-2 

55 , 59m 

r.14E 



1026 

60EC78 

224-13440-1’ 

4 3, 2 0 N 

1 -I .0 2W 



1027 

6 0 E C 7 8 

224-13440-2 

4 3 , 2 0 N 

11.'02W 



1022 

6DEC73 

224-1 3465-1 

49.24*1 

1^.10W • 



1029 

4DEC73 

224713460-2 

49 . 24M 

1-? . 1 o w 



103'^ 

7DEC78 

225-12230-1 

•37..7 5N 

10.32E ■ 



• 1031 

70EC73 

•225-1 22-^0-2 

i7.o5N 

. 10.32E 



1032 

7DEC73 

225-12250-1 

42.01N 

9.05E 

306 

R 

1033 

7DEC’’8 

225-12250-1 

43.1 IN 

8 . 4 4 E 



1034 

-- 70EC7S 

-—225-12250-2 

42.C1N 

• C.05E 

• 306 

R 

1035 

70EC'’S 

225-12250-2 

43, 1 1N 

■ S.44E 



10 36 

70EC78 

225-12260-1 

4 S , n 5 N 

7.0 2E 



1037 

70EC78 

225-12260-2 

4C.C5N 

7.02E 



* 103P. 

7DEC^a 

• 225-12270-1 

49 . 1 4M 

• 6.37E 

... . 


1039 

7DEC7G 

225-12270-2 

49 . i4N 

•• 6 . 37 E '• • • ■ . ■ 

... 


104" 

7dEC*’8 

225-12280-1 

54.07N 

4 . 34E 

306 

* R 

1041 

7DEC'’S 

225-12280-2 

54.07N 

4. 34E 

306 

R 

1042 

S0EC73 

226-12410-1 • 

36.38N 

6.06E 



1043 

80EC?8 

226-1 241 0-.2 

36.33M 

6.06E 



1044 

9DEC7S 

227-12590-1 

i 5 , 4 9 N 

1 .46E 



1045 

9DEC73 

227-12590-2 

35.49M 

1 ,46E 



104 6 

— 90EC78 

227-1301 0-1— 

•41 . 54N 

OOE-- — — 

— 301-- 

.-.„R .. 

1047 

90EC73 

227-i3ni0-2 

41 .54N 

.ODE 

301 

R 

104? 

ODEC7a 

2?7-l3o30-1 

47 . 5 SN 

?.,01W 

301 

R 

104 9 

90EC7S 

227-l3n.30-7 

47.5SN 

.•5.01W 

301 

R 

-- -1050 

.. _ooec78— ^27-1304 0-1-— 

-54 fOOM 

— *4', 29W 


. . 


PAC*S IS 

OF POOR QUAt-tTY 




*N0* 

date 

IDENTiriCAlION 

location SrEME ODE 

ETAT 

1051 

. . 90EC7S.. 

......227-1304 0«2-. 



105?. 

1 CDEC73 

228-13170-1 

34,5SM 

2.34W . ■ V : ■ ■ 


‘ 1053 

- l00EC-’8 ■ 

‘ ■ 228-13170«2 

34.58N 

. ?.34W - • • 


1054 

100EC78." 

-."-223-13100-1 "- 

4l .04N- 

_,.4,17W. 


1055 

1 0DEC*’S ■ 

228-13190-2 

41 ,o4N 

** ■ ^ 1 7W • . > » 

. 

1056 

1CDEC73 

228-13220-1 

53. ION . 

■8.41W-,. 

.. . . . 

105‘J’ 

1 n0EC78 

228-l3??0-2 

53.1 -'N 

5 . 4 1 W 


. * 10 5H 

. 1 1 0EC73.- 

.... -229-1 3400-1 • 

59.75N 

• 1 2 . 09W . . 


..V,..*- 1 0 59- 

..11 DEC? 3... 

.*...229-l34nO-2...v 


. . . . 

1060 

13DEC78 

231-12350-1 

38.01N 

7.11E ’ -359 

R 

1061 

1 30P.C78 • 

■ 231-12350-2 

38.01N ■ 

■7.111: '359 

•R 





, f 2 n F — - — - - 


1 00 4"" 

l-.U ^O'— 

c-JK— ( c > ^ U— r 

*> •>’; f 

' ' /J * C U u 


- 1 063 

..1ADEC78.. 

■232-1 2530-2 ■ - 

35.27N 


1064 

1 40EC-:'3 

23?-1 254 0-'' 

41 .330 

-1.35E 

. 

1065 

1 40EC78 

232-12540-2 

41 .33N 

1.35E 


1066 

uoec^a- 

—*'232—12560—1 *' 

47.37N . 

„..,25C — 


1067 

1 4 0 E C 5 

232-12560-2 

47.37N 

.25 0 


1 06? 

U 0 £ C 7 8 

232-1 25.®0-1 

53.380 

2.5CV 


1069 

U0EC78 

• 232-12580-2 

53.38N 

2.501-) 


I07n 

160 EC 78 

234-13370-1 

48. ?7N 

9 . 5 O.U 


1071 

1 60EC7S 

234-13720-2 

48.27N 

9. SOW 


107? 

1 70EC-8 

235- 25'<0-3 

50.40H 

'll .35'.-) 


I'l?? 

1 7Di:C’’o 

235- 25-'0-3 

44.-=:7N 

1 3.49W 


1074 

17oEC^8 

235-12120-1 

42.37N 

11.535 


1^75 

17Dt:073 

235-1 2'>20-2 

42. •"70 

1 1 . 5 3 E 


1076 

170EC7O 

235-12130-1 

48.410 

0 , 4 9 n 


1077 

170BC78 

235-1 213C-2 

48.41M 

0 . 4 9 E 


10 70 

1 70EC73 

235-12150-1 

54.42N 

■?.17E 


107^ 

1 70EC73 

235-1 21 50''? 

54.42N 

7.17E 


• 1080 

1 HDEC78 

23r-1??P0-1 

36. ?4N 

9 . 1 C E 


1081 

1 8DEC78 

236-12280-2 

3 6 . 2 4 N 

9, 1 OE 


_„108? 

. . 16DEC73- 

236-12310-1- 

45, 32N 

5.19E 

... 

108.3 

1 S0EC73 .. 

.. , 236-1231 0-2 

48,320 

. 5.19E 


1084 

1 S0EC73 

236-12330-1 

54.34N 

2.472 


1085 

180EC73 

236-123^0-2 

54.34N 

7..47E 


. ...1086- 

.. 190EC;78_ 

„__237-1246.0-1 ... 

36.07n. 

4.41E 


. .1087 

1 9DEC7S 

.237-12460-2 

36.07N 

4 . 4 1 E 


1083 

19DEC73 

237-1 2480-1 

42.12M 

2.55E 


1089 

190EC73 

237-12480-2 

42.'I2M 

2 . 5 5 E 


1090 

19DEC7S 

- 237-12490-1 

48,1 6 1 \ 

.52E 

C 

1 091 

1 9DEC7S 

237-12490-2 

4 8. 1 6N 

. . .520 

r 

w 

109? 

1 

2 3 7-1 25-' 0-1 

5 4 . 1 6 ^i 

1 .3o'.' 

■y 

10<53 

190EC78 

237-12510-2 

54.1 6f| 

1 .36W 


. „_1094 

.. .20DEC78- 

— .ass-?..- 4 380- 2 ■ 

.37,205 

135.04E „ . 


•V.. . 109 5 

21DEC73 

.. .239- 2290-3 . 

44.n3N . 

... 7, 54W . . . . . .... 


1096 

21DEC78 

239- 2?o0-3 

43.49m 

a . oow 


1097 

?.1 0EC78 

239-13250-1 

45 . OSN 

7.04W 


1 n 0 PI 

? 1 n f- 0 3 

2 39-l37'i0-2._ 

-45 OdN— 

7,0 4V) - - .. 


. 1099 

22DEC73 

240-13440^1 

49.37N 

13, low 


1 100 

220EC78 

240-13440-2 

49.37M 

1 3 , 1 6W • 




H-23 

ORIGiNAL PAGE j$ 

OF POOR QUALITY 




, <tN0* 

.. . oaT-c ...... 

■ lOCNTirlCATlON 

. .-LOCATiOIl SfiEllE 

...... DDE 

CTAT.. 

1101 

23DEC78 

’ '-241-12230-1 

42.34N 

■ R.55K • 

* l\. ■ ' . 

« 4 V 

1102 

230EC78 • 

241-1 2230-2 *- 

•42.34N- 

— -A.55E— 



-1103 

24DEC70 

W..-2 42 — 1 24 00— 1 .... 

^9 iri SMi*.**. f) ^ 2 2 


»»»% . 

1104 

25DEC78 

243- 2040-3 

44.19N 

1.42W 

301 

R 

1105 

25DL:C7a 

242-12580-1 

39.57m 

.37E 



1106 

-..25D£C78" 

— 243-1 2530-2 " 

39. 5-7N 

-.-37 E. - 

... 


1107 

25 DEC 78 - 

. ..243-13000-1 • 

46.01N 

1 .18W 

..... 301 

R 

110 0 

250LC78 

243-13000-2 

A 6 , 0 1 -M 

1 , 1 8W 

301 

R 

110«? 

2soec78 • 

-243-13020-1 ■ 

52.04M 

3.36W. 



"1 110' 


,S5 .nA-fj. 

_ ..X.. 36W 



nil' 

260EC78 ■^....244' 2?.10-3 

45 , 24M 


0 V 


1112 

270EC73 

.. 245- 2400-3 

44, OCIJ 

10.55W . 



■1113 

280EC78 

•'•246-- 121 0-3 

40.52N 

^ ^ 5 2 E .» * . 

\>'kk t * . 

.. c • 

1114 

• 28DEC78 • 

— 246-12160-1 • 

43.31M 

' "I 9 , 1 1 E— 

kMMMM. 3 6 

... R ■ 

1115 

28DEC78 - 

■ . 246-12160-2 - 

43.31U- 

.. 1 0 • 1 1 G « • 

364 . 

. ■ R 

1116 

290EC7S 

247- 1400-3 

37.10M 

2.14G 



111’ 

2'’DEC7? 

247-1 2760-3 

43.43N 

3.51E 



1110 

290£r78 ■ 

- 247-1 277Q-7 

5 4 . A 4 

1 .19u 



1110 

300EC78 • 

....248-12500-1 • 

35.55N 

3 , 2 0 G 



112-' 

3CDEC7.5 

243-^2520-'' 

42.. 01:1 

1 A 



1121 

30DEC7S 

24’-125?0-2 

42 , Ol M 

1.30S ■ 



112’ 

31 0EC73 

2 4 9- 2U0-3 

45.53N 

4 ,07y 



1123 

3 1 0 f C 7 8 

249-13110-1 

45.41N 

4,07v; 



1124 

’1 DEC 7.3 

249-1317.5-2 

51 . 43N 

A , 2 4 W 



1125 

7 JA^.79 

252- 1 77'1-3 

4 ^ . 7 3 r.i 

“^.OTE 



1126 

3 JAN 79 . 

-252- 1340-3 

35,27N 

3.22E 



1127 

3 JAN 79 

252-12260-1 

39 . 56N 

0.25C 



1129 

3 JA'i79 

25?-l2?60-2 

39.56N 

.9 . 2 5 E 



1129 

3 J AN*»9 

252-1 22’0-1 

46 . 0 9N‘ 

6.29S 


. 

1130 

3 JAN 79 

- 25?-12?A0-2 

46 . OOM 

6.29E 



1131 

3JAN79 

• 25?-12?90-1 

52 . 02fi 

4.11E 



113? 

3 J AN' 7 9 

252-12290-2 

52.02N 

4.11E 

' 


1133 

6 JAN 79 

255- 2260-3 

42. SOM 

R.04W 



-1134 

- 6JAN79- 

— 255-1321 0-1 

44. 07N 

■ 6.27W 

* 


1135 

6 JAN 79 

2-55-13P10-2 

44..07N 

A.27W 



1136 

7JAN79 

256- 1060-3 

4 2 , 5 S f.' 

11 .44E 



1137 

7J AN79 

256- 2410-3 

53.41N 

;!.29vi 



1138 

7J AN'79 - 

.* 256-13790-1 

43 . 02M 

1n.38W . 



1139 

7J A.N79 

256-1 33,90-2 

43.02m 

. 10.3SW 



11^0 

'’0 JAN 79 

259- 1570-3 

5i. 19N 

?.31E 



1141 

1 n j a.v?9 

250 - 2nio-3 

41 . 1 OM 

, 5 5 W 



1142 

1 1 JA.')'’9 . 

-..260- 21 50-3 

53.31M 

1.4 9W 



1143 

1 2J AN79 

261- 2770-3 

54.42N 

5.43V) 



1144 

13JAN79 

26?- 1170-3 

41 .?6M 

P . 5 0 E R 

301 

R 

1145 

13JAN79 

262- 1190-3 

35.19M 

7.040 



■1146 

--13JAN79 . 

— 26?— 25P0-3 ' 

5 0 . 3 1 N. 

*•••1 ? « 0 5 W. • — — — — 



1147 

14j AN79 

■ 263- lT.pO-3 

5 2 . n 5 N 

8 . 1 3 E 

30 2 

R 

1148 

14 JAN79 

263- 1360-3 

39.55N 

3 . 5 5 Q 

302 

R 

1149 

1 5 JAM79 

264- 1500-3 

h3.47N 

4 . 2 5 E 



■1150 

- 15JAN?-'T*- 

—264 — ^1-510-3 - 

47.44N 

-'I-.S-Te- 

-_„354.-. 

^.R 


H-24 


original page is 

OF POOR QUALITY 




^NO* 

’PATH 

IDUimplCATJON 

location Sr.ENG DOG 

CTAT 

» • * ■ » ** ** W * 

.. ...xJ 151. 

..1SJAM79, 

.x, x..264-..x,1 S’iO-:3.xx.xAl .39M 



1152 

16JAN79 

265-’ 2.090-3 ’ 

48.14N 

2.1S'.‘l 301 

R 

115? 

16JAN79 

265- 2110-3 

42. ION 

4.20W 509 

R 

---.1 154 

4 7 .1 A W 7 9. 


S2 4.0M. 

C7VI 


.. 1155 

17JAM79 

.. 266 - .2270-J..X 

46.37fi 

2n*»l .35 4 

... . R . . 

115<^ 

1?jAf!79 

266-1 3''?0-1 

40.42N 

5.56W 


1157 

17JAN79 

266 - 1 3230-2 

40.42N 

x 5,56W ...-.xv..... 

. . . 

1158 

17JAN79. 

-266-13250-1 . 

4 6 . 4 6 H 

-7.5 5 W X.™-......--..™ .. 


.. 1159 

17JA.‘{79 

266-13250-2 

46.46N 

7.55W 


■ 1160 

17JAM79 

266-13260-1 

52.49N 

10.16V! . . .. .. 

. . 

1161 

17JAN79 

266-13260-2 

52.49N 

1*^,18W 


^ *1 A 

.-1 8 J A.W79- 

an«.i _a:> qpxfj. 

OKU. - 


,4K%.\VVV»i”1i ^ ^ 3 ' 

..V.1SJAN79. 

•sv.. 267^1 3420-2. XX 



1164 

19JAN79 

268- 1290-3 

3S.34.N 

, 4.32E . 


1165 

2<« J AN79 

27n- 2nio-3 

51 . 18 N 

. 36H 


...-.1166 

, 21 JAM.7-9. 

—.2.7 n “-..2 0 1 0 "• 3— .. 

.51 . ISN 

36 6 «- ....... 1 ...... ...... ...m—M.,.. . 

» - ew 

. 1167 

21JAh‘79 

. .270- 2A30-3 

45.14M 

1.4CU' .... 

C 

1168 

S'! JAf<5S 

270- 2040-3 

39.cSfi 

3.351' 


1169 

S'! JAN' 79 

270-13000-1 

46.1 ON 

1 .36W 


1170 

. ? U A N-7 9- 


46 . 1 n.N. 

34U _ - . 

ll?-* 

21J AC?9 

2?o,-i3oiC-1 

52.1.2.S 



1175 

21JAN79 

270-13010-.“^ 

52.12N 

7.5 6 W 


117? 

23j AN79 

272 - 1 2on0-1 

51 ,13N 

11 .058 


1174 

23JANr9 

272-12OO0-2 

51 .13N 

11 ,05G 


1175 

2? J AiS79 

272-13740-1 

44. 39N 

10.4 7U' 


1176 

n? J AN79 

272-1. 3 ■'6C-2 

44 . 79N 

1 . 4 7 '/ 


1177 

23J4N 79 

272-13370-1 

50.43rj 

1 7 . 0 1 W 


1.178 

2.3JAN79 

272-13370-2 

50.43N 

1 7 , 0 1 W 


1179 

24 J.<liN79 

273- 1210-3 

41.2C.N 

7.01 1 

c 

1180 

24 JAN79 

27‘*- 1?70-3 

i..l3f; 

5.16G 


■1181 

25 JAN79 

274-12740-2 

40. 79!.' 

S.33-C: 


118? 

25JAN79 

.. 274-1 2760-1 

46 • 4 4 

7,34c 


1183 

25JAN79. 

• 274-12760-2. 

46.44N 

7.34E 


1184 

25JAN79 

274-12770-1 

52.47N 

1 , 1 1 E 


1185 

25 JAN79 

274-12370-2 

52. a7N 

1 ,11E 


1186 

26JAN79 

“ 275- 1590-3 

38. 33N 

7.57W 


. 1187 

26.JAN79 

. 275-1 2520-1 

39.40N 

1.14E 


lisa 

26JAN79 

275-12520-2 

39.40H 

1 .14E 


1189 

26JAN79 

275-12550-1 

51 .49tJ 

7.5 8V! ■ 


. .1190 

26JAK79. 

, ..275-125 50-2 

51 ,49N 

X, . 2 , 5 8 '.1! , .. 

, . . 

1191 

2?JA.‘,79 

276- a-* 4.0-3 

50.40!! 

7.29 V! 


119? 

5fi J AN59 

277- 2-'30-3 

47 . 36 N 

1 . 1 6U 


119-* 

28JAN79 

277-13300-1 

44 . ?9v 

9.26W 


1194 

28JAN79 

277-13700-2 

44,79:,'' 

■ . 0 . 26W - 


. 1195 

28JAN79 

277-13370-1 

50.33N 

. H.39W 


1196 

2SJAN79 

277-l‘33?0-2 

50.33N 

11 .39W 


1197 

29JAM79 

278- 1170-3 

36.1 2N 

6 . 5 1 E 


.. 1198 

. 30JAN79. 

279- -1330-3 ■ 

43.nON 

.. -4,16E.. .. .. . 

_ c . 

1199 

30JAN79 

.2.79- 1.3 50-3 

36.54N 

. 2.288 - . 

c 

1200 

30JAf-r9 

270-12220-1 

40.35N 

6.516 



OF POOR QUAUTY 

'* % - -(’XS ’ - •**» i- • • » ' * 


' *N0* 

date.. 

lObMTlFlCATXOfJ 

UOC aT IOH ... ..... 

..Scene. , bde 

etat 

'1201 

3ftJAN79 

..." -279-1 2?R0-2 

40.38N 

■ 6.518 



-12 0 7 

31 J AU’79- 

2gn«~-1^O0-3 - 

-.81-..37N. 

_ 3...4.9P 


... 

. 120:5 

31 JAf!?9 

. .v.2ao- 1510-3 

4 5.33tl 

'• »fc. .-•31 15 >. - 


1204 

31JAN79 

.. 2S0.- 1530-3 

39.28M 

1.23W 


c 

1205 

1FEB79 

281- 2080-3 

51 ,26N 

-1 .SOW 

■ ■ ■ » \ 


120A 

1 FE079 

-.2090-3 

. 45.23.M 

..,4,07W.. 


... 

.1207 

... 2FEB79. 

....v.2a2-.,226l-3.v 

., 49 ,.1 5N'.. 

7 ..1 9W . 


k», ,k , 

1208 

3FU.f<?9 

283- 

42.47m 

1n.08E 

. » s 'k 


1209 

3FE079 

23'^- 1110-3 

36.A1N 

<<.20E 



-1 2-1 0 

— -4FE07>9- 

284--1-2 50-3- 

-5 0.-2 6 N- 


. 

1211 

4FEB79 

.."•284- -1270-3 

» 4 4 ^ P Zii' 

... . » 0 4 E »■ 

%- «%V%' k»k 


121-2 

4FER79 

284- 1290-3 

38.l6fJ 

4 . 1 1 E 

• * * k 

c 

1213 

4FEB79 

-284-1 2220-1 

39 . 0 IN 

8.41E 


c 

...1 ^ 1 !. 

J. c c tmo. 


-_‘<0. A 1 M_ 

ft-.-4.lE 


-C.... 

"’'! C 1 *♦ 

r c 0 r '*• 




' 


1215 

5FE579 

.. 235- l4’^0-3 ■ 

50.50K 

, 5 0 c-**.' 

k akkV.k' * kkttkkv -*.«kck ' 


1216 

5FEP79 

235- 1450-3 

44,a6N 

1.37E 



1217 

5FEB79 

285- 1470-3 

iP.4lM 

.16E 



121R 

5FL079 

• 235-12400-1 

38.ft1N 

4.245 


c 

121^) 

5FEB79 

2S5-1 24ft.')~2 

38.01M 

4*24^ 


c 

1.220 

5FE379 

285-12430-1 

.^0.11N 

.22B 



122" 

5Fu?79 

285-12430-7 

50.11M 

.22 0 



1222 

6FFC.79 

'■ -236- 2 01 0-3 

53,4lf{ 

.23 5 


c 

1223 

frFER79 

2. 5 6“ 2o?0 — 3 

47.3bt. 

- .59W 


c 

1224 

C3FEt'*’9 

286-1 257C-1 

34. '^3!: 

.2CE 



1225 

tjFES79 

286-12570-2 

3 6 » 0 3 1) 

.20E 



122A 

7FC'B79 

287-13160-1 

39.-»7f. 

5.13W 



122" 

*’FEr?9 

287-13160-2 

39.37?.* 

5 . 1 3*rt 

* 


122*^ 

7 FEB 79 

237-1 31 P0-'' 

45.43f. 

-’.OSV. 

• 


1220 

7FE679 

2S7-l3lgO-2 

45.43!, 

*7 , 0 8 W 



123ft 

10FEB79 

290- 1370-3 

49 . 3 If.’ 

3.27c 



12 31 

UFES'’9 

294-12OQ0-1 

4 2 , 0 4 f. 

11 .14E 



1232 

14FE379 

294-120^0-2 

4 2 . 0 4 ►! 

11.145 



123^ 

1 5FEB79 

295-12260-1 

38.46N 

7.40E 



1234 

1 5FEB-»9 

295-12260-2 

38.46M 

7.40E 

... 


1235 

1 6FEB79 

296-12450-1 

40. 4 IN’ 

2.32E 



1236 

17FCB79 

297-l3o?0-1 

38.04M 

1 .13W 



1237 

17FEP79 

297-l3n?0-2 

38:o4f? 

1.13^ 



123« 

17FEB^9 

— 297-13040-1 

44.1 0-N 

■ -?.04W 



1239 

17FER79 

297-13040-2 

44.1 Of? 

3.04 V/ 



124r 

2r.FEB79 

300-1 2100-1 

38.49fr 

9,135 



1241 

2 0 FEB 79 

30ft-12l90-2 

3P..49M 

0.13F 



1242 

20FEB79 

- 30f'-l22l0-1 

44.55N 

- ’.205 

- - ~ 

• •• 

1243 

2rFEB79 

300-12210-2 

44.55M 

•’.20c 



1244 

70FEB79 

300-12230-1 

50.59?l 

5.05E 



1245 

20FE379 

300-12230-2 

50.59f? 

5.055 



•1246 

• *21 FE579- 

'301-1 2380-1- 

■ 41 .3SM- 

- -• -3.535“ 



c 

1247 

21 FEB79 

.. 301-l23a0-2 

41 ,35N 

3.535 

.. . 

c 

124P. 

21 FEB79 

301-1 2400-1 

47 , 4 Off 

1.505 


c 

1249 

21 FEB79 

301-1 24(10-2 

47 . 40N 

1 .505 


c 

125^'* 

2PFEB79 

302-12550-1 

38.53N 

■- .085 
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*..1 251. 

.... 22FER79. 

1252 

22FEE79 

'■ -125.3 

■ 22FE379 




t ”!fxtz V ■ 


location 


Scene 


^ 2 S ^ 

1 ? n 

I C* *> 

1256 

1257 
^1258 

259- 

V-,- -1260 
‘ ‘ 1261 
—1262 


.. 126A 


.23FCB7a 
.V..23FEB79 
2 T p £ n V 9 

23FE«79 
•-24FEC.79, 
, 24FEB79 
24FEB79 
‘ 24FED79 
-2 5FEB7.9, 
■ ?.5FEff79 
25FE1379 



vsvf«-305* 
. . 305- 


12550-2 . 
12590-1 
12500-2 
13150-.1> 
1.3150-2 
13160-1 
t3'I60-2 
1 1 580-1- 
1 1580-2- 
13j:?0-'I 
13?30-2 
'1 '2 1»3 0 — •1<*" 
12170-2 
12 150-1 


.38. 
51. 
51. 
-A 4. 
a4. 
50. 
50. 
.52. 
>52. 
44. 
44. 

• 42, 

48, 


53N>... 
04 N 
04N 
1-1 N 
11 N 
16N 
16N 




08E. 


4.00W 
4 • 0 0 W 
6.00W.. 
6.00K 
A.12W 
8.12W 


DDE ETAT 
• 1 "! 
C- 

c 


4 2 N !■■■> 1n.33E».s ..Mr* *r W.*.. • 

42f 10.336 

39N 1O.40W 

39N 1ft,40W >• • 

46N->^ 9,42£ — 

46N 'J.42E. 

52M 7.36C 


. C 
G 

. t 
C 


S' »,\Mk Ml 


fc» > »k. . -*^^4***.» 


- 1?65 

25FE»-5'9 

■'■-•305-12150-2 

4S.52N 

7.36E 


126A 

25FEB79.- 

-305-12160-1- 

... 54.54W- 

*"“5.02 E"— « ... 

r. 

1267 

25FE079- 

305-12160-2 

54.S4N 

5.02E 


1263 

26FED79 

306-123O0-1 

39.14M 

6.16E 


1269 

26fE?79 

306-123(10-? 

39.14N 

6 . 1 6 S ' • 


1270 

26FE379 

306-1 2??0-1 

45 , ?0N 

4 . 21 E 


1271 

26Ft079 

■ 306-12320-2 

45.20N 

, 2 1 E 


127? 

26FE879 

306-1 23,-^0-1 

51 ,04.4 

*'.''4C 


1273 

26FEB''9' 

306-12330-2 

51 ,?4N 

•5.04E 


1274 

27FER’»9 

-307- 1 530-3 

45.35W 

.516 

c 

1275 

27F6P79 

307- 1550-3 

39.30N 

2 , 4 6 U 


1276 

27FE.879 

3C7-124CQ-1 

3S.11N 

2,066 


1277 

27FI-;B79 

307-12430-2 

38.01N 

7.06E 


1278 

27FE379 

--307-1 2490-1 

44.07N 

.14E 359 

R 

" 1279 

27FEB'?9 

307-12490-2 

44.07N 

.14E 359 

R 

1230 

27FEB^9 

307-1251 0-1. 

5 0 . 1 1 N 

1 ,56W 

C 

128-' 

27FEB'’9 

307-12510-? 

50.11N 

1 .56W 

C 

— 128 2- 

—“1MAR79- 

^309-1 3p50-1" 

-45.01N 

r>^- ■» 0 ^ 0 3 W *“ » ’■ «« ♦ W *. 

•• 

-- 1283 

1MAR79- 

— 309-13250-2 

45.01N 

9.03W - 


1284 

14MAR79 

322-12270-1 

iS.42N 

6.07E 

c 

128 5 

14MAR79 

322-12270-2 

3S.42N 

6.07E * 

c 

-,-1286 

UMAR’^9- 

322-1 2290-2 

--44.47N 

*4.13e.-.“ *. 

c 

- • 1287 

15MAR79- 

• 323-12460-1 

39.55N 

1.08E 


1288 

1 5MAR79 

323-12460-2 

39.55N 

1.03E 


1289 

16MAR79 

324-13040-1 

39. 04n 

3 . 1 1 W 


«-.,129 0 . 

- 16MAR79- 


■'* i5 9 , 0 

■^.lU 


1291 

UMAR 79 

324-13050-1 

45 , '19n 

5 . 0 5 W 

c 

1292 

16MAR79 

324-l3p50-2 

45.09m 

5.05W 

r 

1293 

17MAR79 

325-13230-1 

41 .02N 

8.20W 


.1294- 

— 17HAR'79- 

- — 325-13230-2 

-‘41 ,o2N 

. 8.20W - 


r>-.-129 5 • 

17MAR79- 

• >.3 25-13240 — 1 

47.07m 

10.20W 


• 1296 

17HAR79 

325-13240-2 

47 . o7N 

10.20W 


1297 

18MAR79 

326-12040-1 

43.29m 

U.35E 

C 

*-«:» i 2 9 ' 

~-18MAR79- 

-—326-12040-2- 

-»43,?9N 

■.10.35E - - - 

c 

-1299 ■ 

■ -18MAR79 

326-1 2080-1 

55..34M 

5.50E 


1309 

1HMAR79 

326-1 2oan-s? 

S5.34N 

5,5 0E 
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1X0" 

1 9MAR79 

327-12? iO-1 

37.19N 

7.52E 

•— 1 * v’ IS '■ 

-l9MAf<.7-9.- 

— 327—1 <i2 1 0 — 2 

-'i7*l9N- 

— 7.-5 2E- 

130i 

19MAR79- 

327-12220-1 

43.2.5N • 

■ -6.03E 

1304 

19MAR79 

327-12220-2 

43.2 5N 

6.03E 

1305 

19MAR79 

327-12260-1 

55.30N 

1.17R 

1306^ 

-19MAR-79- 

— 32-7 -12 2 6 0-2- 

-5 5, 3 ON- 

-1 ,47C- 

1307 

2CMAR79 

• 325-12390-1 

36.41N 

.3.28E 

130S 

2CMAR79 

32P.-12390-2 

36.41N 

3.28E 

1309 

20HAR79 

328-12400-1 

42.47N 

1 .40E 

- 1310- 

-2 0HAR-7-9- 

— 325-12400-2- 

-42.47H- 

— ^1^,40 e- 

-1311 . 

20MAR79- 

• - 32S-r24?0-1 

■ 4S,51N ■ 

‘-.25E * 

131?! 

2CMAR7'; 

328-12420-2 

43.51N . 

. ,25E 

1313 

21MAR79—' 329-12570-1 

38.56N 

1 .43W 

.... 1314 . 

-21 MAR 79--- 

—329-12570-2- 

-38,56N - 

•■“‘I • 43W-- 

- 1315 ‘ 

21MAR79.•..^ 329-1 2590-1 

45*nlN- 

3.37W 

1316 

21MAR79 

329-12590-2 

45.01M 

■».37l-) 

1317 

2 IMA 8 79 

32^-l3oin-<! 

5 1 . 0 4 M 

5.51 W 

1318 

21MAP79 ■' 

320-l3n<io-2 

•.) 1 . 0 4 N 

5 . 5 1 W 

1319 

23HAR79 - 

^ 331-11580-1 

4 3 , 2 9 N 

12.020 

132^ 

2-’MA079 

331-1 1500-2 

47.29:. 

12.020 


23MAR79 

331-115O0-1 

49.32?" 

9.570 

132’ 

23MAR79 '■ 

— 331-1 1 5«0-2 

49.32?i 

9.530 

1323 

2*^MAR79 

331-1 ?.01 0-1 

5 5,-'4?': 

7,160 

1324 

?3I’AR'^9 

331-12^10-’ 

55. ■'.4,^ 

7 , 1 0 C 

132 5 

24MAR79 

33?-1 2-' 50-'' 

39.07fl 

P .490 

1326 

24MAR79 

33?-1 2-* 50-2 

■i9.o7N 

,'>.490 

132'' 

24M,AR79 

332-12160-1 

45.12?: 

6.561 

132? 

2 4f.'.AR79 

33?-1 21 6’-2 

45.12?; 

6 . 5 6 1 

• 1329 

24MAR'’9 

372-1 S'* 00-1 

51 ,1 5N 

4.410 

. 1330 

24MAH79 

332-12180-2 

51 .1 5M 

4.410 

133-! 

25MAR79 

337-1 2t-<o-1 

33. 09?1 

4.320 

1332 

25M.AP.79 

333-1 2310-2 

38.09N 

4,320 

1333 

26MAR”9 

334-1 2530-1 

46.59m 

7.47'.! 

• 1334 

26HAR79 

334-12530-2 

46.59m 

2.47W 

1335 

27MAR79 ■ 

335-13090-1 

39.46H > 

■■ 5.00W 

1336 

27MAR79 

335-13000-2 

39.4 6.M 

5.0 0W 

1337 • 

3CMAP79 

33S-1 2260-1 

38.02N 

6.10E 

1338 

30MAP79 

338-12260-2 

38.02?-) 

6.10E 

. 1339 

30MAR79 

■ 333-12270-1 

44.07?) 

4.190 

1340 

3CMAR*’9 

338-12270-2 

44.07N 

4,190 

1341 

1 APR79 

340-13010-1 

37.32M 

2.13W 

1342 

1 A2R79 

340-13010-2 

37.3 2.\ 

2 , 1 3 y 

. 1343 

1 APR79 

340-1 3030-1 

43.37N 

4.0 4U' 

1344 

1 APR*’9 

3/ O'^l 3030-2 

4.3.37?: 

4. 04W 

1345 

1 APR79 

340-13050-1 

49 ,40N 

6.14W 

-1346- 

— -1 4PR79- 

-...340-13050-2- 

_49.40N - 

,uw- 

1347 • 

■ 2APR79 

341-13210-1 

41 .59?) . 

. 8.05U 

1348 

2APR79 

341-13210-2 

41 ,59N 

8 . 0 SW 

1349 

?APR*?9 

341-13220-1 

48 . o3n 

m.osw 

1-3 5-0 

2APR79- 

— 341-1-32 20-2- 

8 vO'3 H' — 

-1-0.-08W— 


.Scene 


RDE .etat 


c 

c 
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ODE 

ETAT 


. . ..7 APR 7,9. 

..,,,.346-13130-1 . 


,’lk 


1352 

7APR79 

3A6-13130-2 

43.41H 

7.21W 



1353 

7APR79 

.346-13150-1 

49.45N 

. 9.31 W . V , 


> 

... 1354 

.. 7APR79. 

u a«w> 3^ 50^2 ' 

49.4SN 

•< |Q • ^ W .jtnw'ini* snat»in uiKg* .f.iwu.u ~ k 

m . 

..... 135 5 

SAPR79 

..347- 5R0-3 

41 . 38 M 

10.23E 

302 

R 

v> 1356 

8APR79 

•r 347-13,330-1 

A9.01M 

n.'^sw 



1357 

8APR79 

347-13330-2 

49 . oiN 

13.43W 



1358 

1DAPR79 

. 349-12290-1 

.J9.14M 

4.4SE , 



.^v.^.v,.13S9 

.. 1 0APR79. 

,.,-.,.34 9-1 2200-2 . 

. 39.1411- 

> * A Q R 

136(^ 

10APR’»9 

■ ’^40-12320-1 

51 :22M 

.37E 


C 

1361 

10APR79 

.. 349-12320-2 

51 ,22N 

.370 


C 

rntmmmwn^ 1 3 ^ ^ 'X' 

V.....1363 . 

11 APR79- 


..39 . 4 ON. 
. 39. 4 ON 

i <1 R 



, 11APR79, 

v..,v,.35 0-124 60-2. 


■»«*» ' 

. %% ■»'vv 

1364 

11APR''9 

3,50-1 2480-1 

45 *45N 

1 .44W 



1365 

.11 A.PR79 

.V 350-12480-2 

45 . 4 SN 

1 . 4 4 W * 



1366 

-12APR79- 

»-.-351-l3050-1 

39.13N 

4.1SW . . 



1367 

1r.APR79 

351-13050-2 

39.1 3N 

4.18’'? 



1368 

1 ?ApP79 

35‘'-13o60-1 

45.17N 

6.1? '> 


c 

1369 

1 2APR79 

351-13060-2 

<.5,17N 

6.12W 


c 

137n 

13APR79 

-<352-11490-1 

50.39N 

11 .2GE 



1371 

13APR79 

. 352-11490-2 

5Q.39M 

11 .28E 



137? 

1.’«APR’9 

352-11500-1 

53.6 4N 

1 9 . 2o(. 



1373 

1 3APR?9 

352-11500-2 

53.04N 

1 ft . 26E 



1374 

1 3APR79 

352-11S10-1 

56.AGN 

8,438 



1375 

13.APR79 

352-11510-2 

56. 4 ON 

8.43C 



1376 

17APR‘’9 

356-13001-1 

39.13N 

3.11 U 


c 

1377 

17APR79 

3S6-13O00-2 

30.l3f| 

3 . 1 1 W 


c 

137S 

17APR79 

. .356-13010-1 

45.17N 

- 5.06W, 

359 

R 

1379 

17APR79 

356-1 301 0-'? 

i*5 . 1 7N 

8 , 0 6 ,g 

359 

R 

138P 

17APR79 

356-1 303?-*’ 

b1 .20M 

7.22W 

359 

R 

1381 

17APR79 

356-13o30‘^2 

51 .20N 

7.22W 

359 

R 

c*«c;.3s. i 3 S 2 

. 1SAPR79 

, 357-13200-1 

i»5 . o6N 

, o,41.J . . .. . ... . 

. 


.... 1383 

. 1 SAPR79. 

... . 357-13200-2 .. 

45 . o6.‘J 

.. 9.61W . 



1384 

19APR79 

358-12000-1 

41.25N 

11 .10E 



1385 

19APR79 

358-12000-2 

61 .?5N 

11 ,10E 



^..1386 

19APR79 

»....-358-1 2030-1 

-S3.30N 

■ 6 • 4 3 E 



... 1387 

. 19APR79 

.... 358-120.30-2 

53.3CN 

6.43c 



138.8 

21 APR79 

360-12370-1 

40.3CN 

2, 10 s 



1389 

21 A PR 79 

360-12570-2 

40. TON 

2.10E 



1390 

23APR79 

. 362-13160-1 

69.34N 

1O.08W 



1391 

23APR79 

. 362-13160-2 

49.34N 

1O.08W 



139? 

75APR79 

3 6 4 - 1 160-3 

50.47'! 

8 . 0 8 n 



1393 

P5APR79 

364- 1180-3 

44 . 63N 

• 5.56E 


C 

... 139 4,. 

-26APR79 

^<365-1350-3 

4S.31N 

2.408 



. ,1395 

26APR79 

365- T370-3 

42;?6N 

135E 



1396 

26APR79 

365-12310-1 

6 O.O 6 N 

3.26E 


c 

1397 

P6APR79 

, 365-12310-2 

40.O6N 

3.2SE 


c 

— 1398. 

. P6APR79. 


..66: ION 

^ .328- .. . - .. 



. 1399 

P6APR79 

36S-12.33G-2 

46.10.N 

1.32c . 



1400 

26APR79 

365-12340-1 

52,i3N 

.47E 
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VS 1 4 Q i 

29AP979 

V-36B- 540-3 

43.11N 

^ ^ * 1 8E kVis» 


1 A 0 2 

1HAY79^. 

=.-»370- 4 310-3 - 

41 ,56N« 


364' 

.R 

.. . . 1403 

, 1MAY?9 

,....370-12250-1 . 

i7.?3N 


332- 

R 

,.*.•- 14o4 

1MAY79 

. 3rf'-l2nS0-2 

37.28N 

5,29E. . . . . 

332 

R 

• 1405 

1MAY79 

•370-12260-1 

43*.t4M 

• 3.382 

332 

R 

1406 

1MAY79 

-- 370-1 2260-? 

43.34N 

^ ^ 5 C 't - - ' '* 

332 

R 

v.v>.l407 

. - 2MAY79 

......371- -14Q0-3 

46.58m 

.*.» ^ 1 5 W ■' '.»»v A 4 »»»' 

;»■ 


140B 

P.MAY79 

3?1- 1500-3 

40.53M 

3.1 4W 



1409 

3»<AY?9 

372- 2040-3 

55.53M 

?. 08W 





. , , *« V *1 . 0 A A A « t „ 

j.Ct C rt M . 





H 1 0 ^ 

tv'vvw 1 4 ^ i - 

’ ^•IMA f t 

. 5N'AY79. 

‘*=— J L « — = ■ cQOU — J 

■ •'■•'374- -1 060-3 ' 

H T || 5 V • 

45.37N 

» S»46n ,1 


. c . 

. 1412 

6MAY79 

375- 1?-^0-3 

50.43N 

6.04C 



- ..U13 

' 6HAY79 

- 375- 12S0-3 

44.38m 

3.51E - 


C 

- 1414 

-.•6MAY79- 

5 — 1 2 2 oO — 1 

39.50N- 

" «• 6 • 0 4 E . . . » . 

332 

R 

1 4 1 5 

6MAY79 

. 375-12?'^0-2 

39.(;0N 

6.04 8 

332 

R 

1416 

6MAY79 

375-12210-1 

45.56m 

4.08G 



1417 

6MAY79 

375-12210-2 

45.50M 

4.08E 



1 4 1 Sv 

7I-'AY79 

376- l4?0-3 

46.56.9 

.01 1: 


C 

1419 

7MAY79 

3 7 6 ~ 1 4 4 0-3 

40.50W 

1.57U’ 



1420 

7MAY79 

376-12380-1 

41 .03M 

1.09S 


C 

14 21 

?(-*AY79 

376-123H0-? 

4l . n3N 

1 .09E 


c 

142? 

BMAY79 

..... 377- 20 00-3 

4o . 5 6N 

3.50.U 




1 CMAY79 

370- 1niQ-3 

41 .329 

8,46 1.‘ 


c 

1424 

11MAY79 

380- 1180-3 

45.229 

1 


c 

1425 

lit-* AY 79 

38^-12130-1 

iv8.41N 

•» . 4 6 1 


e 

14 26 

1 '’MAY79 

380-12130-2 

38.41M 

7,460 


c 

142” 

11MAY79 

380-12150-1 

44.46m 

5.535 


c 

142C 

11VAY79 

380-12-' 50-2 

<♦4.469 

s.ssc 


c 





